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. recent years numerous studies have been made by various authors 
on the influence of chemicals on the course of mitosis. Many interest- 
ing results could be obtained in spite of the fact that the test methods 
were often not very exact. However, it is clear that an improvement and 
standardization of the methods should be able to open the way to a 
more detailed analysis of many problems. Root tip mitoses of Allium 
Cepa are a very favourable material for a study of chemical influences 
on mitosis. The method used by many authors has simply been to sub- 
merse growing roots of onion bulbs in the solutions to be tested and to 
fix the roots after various periods of treatment. A method of this kind 
may be far from perfect if it is not improved by standardization in a 
physiological, a genetical as well as a cytological respect. Thus, it should 
be more favourable to use a genetically homogeneous test material, 
e.g. a clone of some Allium species which is suitable for clone form- 
ation. The purpose of the present paper is not, however, to consider this 
standardization in all its aspects, but to study only one special aspect 
of it, the cytological standards that should be applied in a quantitative 
study of the influence of chemicals on the spindle function. 

There are some different kinds of mitoses showing spindle disturb- 
ances. First there may be mentioned the differences due to a different 
intensity of the influence. If a sufficient concentration of colchicine or 
of a narcotic substance is used, a complete inactivation of the spindle 
in a hundred per cent of the dividing cells can often be obtained. This 
is the full c-mitosis or stathmokinesis (described, e. g., by LEVAN, 1938). 
When substances that give full c-mitosis in their higher concentrations 
are applied in more dilute solutions, one can observe various kinds of 
disturbances intermediate between the full c-mitosis and the normal 
type of mitosis. In these mitoses, which show a partial inactivation of 
the spindle apparatus, a multipolar anaphase separation of the chro- 
mosomes often occurs. Such mitoses leading to a multipolar anaphase 
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were called merostathmokinesis by GAVAUDAN (e.g., 1943, 1947) and 
partial c-mitosis by OSTERGREN (1944). In even lower concentrations of 
the substances the mitoses with disturbed spindle function decrease 
in frequency in the root tips and the frequency of the normally bipolar 
anaphases increases. The weakest degree of disturbance is a changed 
orientation of the mitotic spindle, which is normally bipolar. In un- 
treated roots the great majority of the spindles are orientated in parallel 
to the longitudinal axis of the root, but during the treatments there is 
an increased frequency of mitoses orientated in other directions. This 
deviation was called tropokinesis by GAVAUDAN (1943, 1947). 

Besides. these differences in type there also occur other type differ- 
ences which may not be so clearly connected to a simple variation in 
the intensity of the influence on the spindle. Thus, one can find at full 
c-mitosis that the chromosomes in some cases are widely distributed 
over the cell as they usually are in Allium root tips. In other cases, how- 
ever, the chromosomes very often lie clustered in a single group, as 
observed in Spinacia by BERGER and WITKUus (1943). Both the Allium 
and the Spinacia mitoses studied by these authors were disturbed by 
treatment with colchicine. A very characteristic type is represented by 
the star metaphase found in newts subjected to colchicine treatment 
(BARBER and CALLAN, 1943; PETERS, 1946). In this case there is prob- 
ably a single spindle pole in the centre of a spindle which has its fibre 
structures arranged like the radii of a sphere. The kinetochores of all 
the chromosomes are attracted towards this pole and the chromosome 
arms are directed like the rays of a star. Such star metaphases have also 
been observed in onion root tip mitoses treated with inorganic salts 
(LEVAN, 1945), with various naphthaiene derivatives (PACAULT, CAR- 
PENTIER and SERIS, 1947), with acenaphthene and many other organic 
substances (OSTERGREN, unpublished). The type found by EHRENBERG 
and OSTERGREN (1942), in Salix treated with acenaphthene, is obviously 
closely related to the star metaphase. The »echinus» type found by 
BERGER and Wirtkus (1943) in colchicine-treated Spinacia may also 
belong to the star type. In another characteristic type the whole chro- 
mosomes (with undivided kinetochores) are distributed over two or 
sometimes more groups. The arrangement bears a_ superficial re- 
semblance to an anaphase. This type has been found in Allium after 
treatment with methyl naphthoquinone, and also after such with col- 
chicine (NYBOM and KNUTSSON, 1947; LEVAN and LotFy, 1949). It has 
also been observed in wheat by GAVAUDAN (1947) and it is obviously 
closely related to the »exploded metaphase», which BARBER and CALLAN 














SPINDLE DISTURBANCES Sis 










\ 






\ 
ley vy laet \ 
ry Why 
ee ee 
ween e rele 
CHET 

MU 
val a J 















































Figs. 1—8. Schematical figures showing various degrees of spindle disturbances 
corresponding to different intensities of treatment with narcotics and other chem- 
icals. The arrow indicates the longitudinal direction of the root. On the left side 
of the arrow metaphases and on the right side the corresponding anaphases. — 
Figs. 1—2. Untreated controls. — Figs. 3—4. Mitoses given a weak treatment show 
abnormal orientation (the tropokinesis of GAVAUDAN). — Figs. 5—6. A stronger 
treatment gives multipolar mitoses. — Figs. 7—8. An even stronger treatment gives 
complete spindle inactivation (full c-mitosis or stathmokinesis). 
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(1943) studied in newts. This type is probably due to the presence of an 
»achromatic sphere» of inactivated spindle substance in the centre of 
the cell as observed by BERGER and WIrTkus (1943) in Allium (cf. the 
interpretation by NYBOM and KNUTSSON, 1947, p. 232). It is not clear 
under what special circumstances these various types of spindle disturb- 
ances appear from the treatments. No doubt some of them represent a 
weaker influence on the spindle, however, than the full c-mitosis. In 
any event it should be noted that these various types cannot be used 
as a simple means of distinguishing the effect of colchicine from that of 
other substances that act through less specific mechanisms. These types 
can all be produced by colchicine as well as by many other substances, 
some of which most probably act simply as narcotics on the cell. 

Different species react in different ways; thus, colchicine gives the 
star type in newts and perhaps in Spinacia, but not in Allium, where, 
however, many other substances give this type. 

It is suitable to include all the above modifications of mitosis under 
the term c-mitosis, especially as they all can be given by colchicine. 
One may, however, question whether the term c-mitosis should be used 
at all. It brings the effects in too close a connection to colchicine, which 
is not good in the case of effects provoked by such a multitude of 
diverse influences. But, of course, the terminology can never be a real 
problem if one only takes the precaution of explaining carefully the 
meaning of the terms used. 

Besides the mentioned types of spindle disturbances, which are 
characteristic of colchicine, narcotics and many other influences on 
mitosis, there also exist a few other types of spindle reaction which 
must -be considered as more specific, as they are given by only a few 
treatments. Here belongs the strange effect of nickel salts found by 
LEVAN (1945); and the effect of 8-oxyquinoline studied by Ts1o and 
LEvAN (1950) may also be regarded as such a deviating case. A con- 
sideration of these more specific types is outside the scope of the present 
paper. It might be suitable not to call mitoses showing these more 
specific effects c-mitoses. 

At a comparison of the influence of various substances on the 
spindle function it is often useful to find out at what concentrations 
the different substances produce the same effect (or, at least, corres- 
ponding effects). Comparisons of this kind have been made by the 
present writer and by some other investigators in this field through a 
determination of the threshold concentration of action, i. e. the weakest 
concentration which still has some influence on the spindle. The method 




















SPINDLE DISTURBANCES 
























































Figs. 9—12. Schematical figures of various types of spindle disturbances that are not 
so clearly connected with differences in the intensity of the treatment. — Fig. 9. 
Random distribution of the chromosomes over the cell at full spindle inactivation. — 
_ Fig. 10. Clumping of the chromosomes in an irregular group. — Fig. 11. The star 
type of metaphase. Note: This is not a metaphase plate, but a spherical structure; 
the chromosome arms point like the radii of a sphere. The figure gives only a cross 
section of the star. — Fig. 12. The chromosomes are distributed over two more or 
less distinct groups. 


is a fairly crude one and it would lead to a higher exactness if, instead, 
the concentrations were compared at which the different substances 
produced a certain quantitatively defined degree of influence on the 
mitoses, e.g. the concentrations producing 50 %, 30 % or perhaps 
10 % disturbed mitoses. The best thing would be to make an exact 
study of the shape of the concentration — effect curve for all the sub- 
stances compared. In conducting such investigations one must in any 
event have quite distinct criteria of judgement in order to determine 
whether a given individual mitosis shall be considered as disturbed or 
normal. 

In the normal metaphase the kinetochores of all the chromosomes 
usually show a perfect arrangement in a plane metaphase plate, but 
during full c-mitosis the chromosomes are distributed at random over 
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the cell or lie in other irregular arrangements. It would seem natural 
to use this difference as the basis for a quantitative estimation of the 
effect, i.e. to count the frequencies of cells showing a regular ar- 
rangement and of those showing irregularities in the chromosome dis- 
tribution. This method of estimating the degree of the influence cannot 
be used in practice, however, and a strong warning must be given 
against using such standards of judgement. 

The reason why this method cannot be used is that in the normal 
mitotic cycle there is a stage when the chromosomes are irregularly 
distributed over the spindle, viz. during the prometaphase. During this 
stage they can also be crowded in an irregular ball in the centre of the 
spindle (SCHAEDE, 1938). Both of these arrangements resemble disturb- 
ances due to spindle disorganization, and there may be difficulties in 
judging whether the arrangement found in a given cell is due to ab- 
normalities in spindle function or whether it is simply a prometaphase 
stage which later develops into a quite normal mitosis. It is not 
permissible to use the degree of chromosome contraction found in these 
mitoses as a standard of estimating whether these mitoses are »normal» 
prometaphases with their long slender chromosomes, or whether they 
are mitoses which show a »c-mitotic influence», and have much shorter 
chromosomes. The supercontraction of the chromosomes is a change 
which is distinctly separate from the spindle disorganization, and the 
one of these effects must not be used as a criterion in judging the degree 
of the other. In a critical analysis of the effect of chemicals on mitosis 
it will be necessary to split up the mitotic events as much as possible 
into their individual processes, and to consider the influence of the 
treatment on the various processes separately. (The present paper is 
devoted to a single one of these various processes, viz. the spindle 
function.) Furthermore, it can often be found in untreated control 
roots that the chromosomes of some of the prometaphases are fairly 
strongly contracted. So for this reason, too, it will not be practicable 
to take up »accessory standards» of this kind in order to distinguish 
between »normal» prometaphases and mitoses showing disturbed 
spindle function. 

It will always be difficult to judge whether or not an early mitotic 
stage of »abnormal» appearance will later develop into a normal mitosis. 
For this reason the safest standards of judgement will be found at a 
study of the late stages of mitosis. If the chromosomes are found in a 
tripolar or multipolar arrangement in a mitosis at late anaphase or early 
telophase, then there is definite proof that the spindle of this mitosis 
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has been abnormal. The best standards for a quantitative estimation 
of the degree of influence on the spindle function will be obtained from 
a study of the chromosome distribution resulting from the treated 
mitoses. 

Disturbances of spindle function lead to three kinds of abnormal 
chromosome distribution, viz.: 

(1) The multipolar distribution corresponding to the »partial c- 
mitosis» of OSTERGREN (1944) or the »merostathmokinesis» of GAVAU- 
DAN (1943, 1947). (The tripolar mitoses are also included here. ) 

(2) The apolar distribution corresponding to the complete spindle 
inactivation (»full c-mitosis» or »stathmokinesis»). This distribution 
may result either in a single tetraploid nucleus or in two or more 
aneuploid ones depending on chance, a possible stickiness of the chro- 
mosomes and unknown factors. 

(3) The unipolar distribution which results from a remaining of 
the telophase chromosomes in the position characteristic of the star 
metaphase. 

In the multipolar anaphases and telophases there are three or more 
groups of chromosomes which show a characteristic bend at their kine- 
tochores and which have their kinetochores approached to one another 
on one side of the group. This bend of the chromosomes and the 
arrangement of the kinetochores are relics of a preceding active ana- 
. phase movement. Through these features it is possible to distinguish 
the multipolar distribution from those cases of the apolar distribution 
in which the chromosomes have been distributed into several groups. 
In the apolar distribution the chromosomes are not bent at their kine- 
tochores but the daughter chromosomes are arranged straight side by 
side. For the same reason those rare cases of apolar distribution in 
which the chromosomes are arranged in two groups of the same size 
can also easily be distinguished from the normal bipolar distribution, 
with its characteristically bent chromosomes. In the case of the uni- 
polar distribution the chromosomes pass into telophase in a bent 
position, with all their kinetochores converging towards a single point. 

Between these three types of disturbed distribution there are some 
intermediate types, and hence it may not always be possible to maintain 
a distinction between them when the cells are classified. There will, 
however, be practically no difficulties in distinguishing them from the 
normally bipolar distribution. For this reason it is useful to classify the 
mitoses simply into two groups when efforts are being made to obtain 
a quantitative estimate of the effect of a given treatment, viz. into bipolar 
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on one hand and abnormal on the other. Naturally, efforts to distinguish 
the various types of abnormal divisions from one another may also 
often give very valuable results, even though this classification cannot 
be made with the same high exactitude as the simple classification into 
bipolar and abnormal divisions. 

There is one more question that must be considered in the present 
connection, viz.: At what stage of the mitotic cycle is this classification 
to be performed? A multipolar mitosis can be safely recognized from a 
bipolar one at late anaphase and often even at early anaphase. But 
there is evidence against the use of anaphases in this classification, viz. 
from the apolar mitoses. During the apolar mitoses there is no anaphase 
movement of the chromosomes and so it will often be difficult to 
recognize the »anaphase» stage. The stage when the daughter chro- 
mosomes are lying side by side in a »pair of skis» arrangement may be 
considered to correspond to the anaphase. In cases where there is a 
slight stickiness of the chromosomes, however, the daughter chromo- 
somes may never separate from one another, and then it will be quite 
impossible to recognize the stage corresponding to anaphase. 

The telophase changes, however, take place in the same manner 
in all these types of mitoses. For this reason it seems suitable to per- 
form the classification of the cells during the telophase stage, beginning 
with the first appearance of the structural changes in the chromosomes 
and ending at the stage when the individuality of the chromosomes 
starts to become invisible. The difficulties in delimiting this telophase 
stage are the same for all the above types of division; so they should 
not distort the picture resulting from such a classification. 

The biggest difficulties in this classification are caused by straying 
chromosomes, lobated nuclei, and by chromosome bridges. If there are 
two main nuclei and one or more chromosomes that have been left out 

.of these, then the chromosome distribution must naturally be classified 
as abnormal. During treatments giving partial spindle disturbances there 
often occur telophase stages showing two daughter nuclei that are 
deeply incised or much lobated. Naturally such nuclei are abnormal, 
but they cannot be sharply delimited from cases of bipolar distribution 
with normally shaped nuclei. On this account they must be classified 
as normal in the present connection. Cells having chromosome bridges 
are always abnormal. In many of these cases, however, the abnormality 
is not an abnormality of spindle function, but the bridge may result 
from stickiness or from breakage and reunion of the chromosomes. 
Such cells must be classified as normal in a study on spindle function. 
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Figs. 13—18. Schematical drawings of the various kinds of telophase figures that 

may be found in roots treated with chemicals. The bipolar telophases (above the 

double line) are classified as normal and the others are classified as abnormal at a 
quantitative estimation of the degree of the disturbance. 
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Fig. 19. The influence of various concentrations of adalin on the spindle function in 

root tip mitoses of Allium Cepa. Continuous treatment for 12 hours. The ordinate 

gives the percentage of bipolar telophases and the abscissa gives the concentrations. 

The solution becomes saturated somewhere between 0,005 and 0,01 mols per litre. 
Each point corresponds to a hundred counted cells. 


But in other cases the bridge is formed by one or more whole chro- 
mosomes which have been lying between the main daughter nuclei, and 
such cases must be classified as abnormal in the present connection. It 
may sometimes be difficult to know whether a bridge is due to defective 
spindle function or to other circumstances. 

There is naturally a characteristic feature of such a study which 
must not be forgotten. The picture of the degree of disturbance which 
one gets from the telophases is not a picture of the degree of spindle 
disturbance present at the moment of fixation, but at a somewhat earlier 
time. There is a time lag before the treated mitoses pass into the telo- 
phase stage. It will be most useful to make repeated fixations during 
a continuous treatment and to follow the changes of the concentration 
— effect curve which take place with an increasing time of influence. 

The present method is illustrated by Fig. 19, which is from a treat- 
ment of onion root tip mitoses with the hypnotic adalin (diethyl brom- 
acetyl carbamide). The roots were submersed in the various concen- 
trations for 12 hours, after which time they were fixed for this study. 
Like so many other narcotic substances (cf. OSTERGREN, 1944, 1950) 
this compound gives a full and typical c-mitosis (stathmokinesis) in a 
hundred per cent of the mitoses when used in the higher concen- 
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trations. In somewhat lower concentrations there are tendencies to the 
formation of star type metaphases, and numerous multipolar anaphases 
occur. The substance is not very toxic and the various concentrations 
gave about the same effects after three days of continuous treatment 
as they did after 12 hours (with the exception of the saturated solution, 
which had killed the roots after three days). The spindle-inactivating 
activity of adalin was earlier reported by OSTERGREN (1944). 

Paraffin sections of the roots were used in this study on the adalin 
effect. In general it will probably be better to use some kind of squash 
preparations in studies of the present kind; preparations where the 
pressure has been fairly weak so that the cells are not broken, and the 
cell content is but little disarranged through flattening. In sectioned 
slides there is the possibility that a tripolar distribution may be masked 
by a cutting away of one of the three polar groups. In some cases, how- 
ever, there may be a possibility that different regions of the root 
meristem react in different ways. Then it will naturally be necessary 
to apply the above analysis separately to the individual regions. In such 
cases the cells must be retained in their normal mutual arrangement 
and for such studies sections must be used. 


An abbreviated version of the above paper was read before the Seventh In- 
ternational Botanical Congress (Stockholm, 1950), and a short abstract of it will 


appear in the proceedings of the congress. 


SUMMARY. 


In studies on spindle disturbances induced in root tip mitoses by 
chemical substances it is often useful to get a quantitative estimate of 
the degree of influence obtained from the treatment. This is best in- 
vestigated by counting the frequency of cells with abnormal distribution 
of the chromosomes (as opposed to the normally bipolar one) during 
the telophase stage. An example from diethyl bromacetyl carbamide 
(= adalin) is given. 
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CHLOROPHYLL FACTORS AND HETEROSIS 
IN BARLEY 


BY A. GUSTAFSSON, N. NYBOM anv U. von WETTSTEIN 
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INTRODUCTION. 


|‘ his paper of 1947 one of the present authors (GUSTAFSSON) showed 
that two chlorophyll mutations, albina 7 and xantha 3, spontane- 
ously arisen out of the pure line Golden barley, increased the plant 
vigour when combined in a dihybrid condition. Their monohybrids, too, 
showed the same feature, although the gain in production was less. 
The analysis has since then been repeated for three more years 
(1947—1949) and varied in several ways. A third spontaneous mutation, 
alboxantha, also this isolated by the late H. NILSSON-EHLE, was suc- 
cessively included and hybridized. The heterozygotes, either in mono- or 
dihybrid condition, cannot be distinguished from one another, their 
normally green sister plants or the original strain, Golden barley. There 
is therefore no doubt, we consider, that with regard to their genotypical 


- constitution the heterozygotes differ in no other way from the original 


strain than in their content of one or more single-dose lethals. 

Different properties have been analysed: (1) the spike number per 
plant, (2) the kernel number per plant, and (3) the kernel weight per 
plant. By this analysis some properties most valuable in production and 
competition, in agriculture as well as in nature, have been covered. The 
fertility of heterozygous and homozygous plants has been repeatedly 
determined. No certain differences were discovered, the average fertility 
in normal years rising as high as 95 per cent or more, irrespective of 
the genotypical constitution. Normally Golden barley shows a similar 
figure of fertility. 

Generally speaking, the segregation in dihybrid progenies ap- 
proaches the proportion of 9:3: 4, with 4 dihybrids (AaBb) : 4 mono- 
hybrids (AaBB or AABb) : 1 normally green homozygote (AABB). The 
deviations now and then appearing have no interest in this special con- 
nection. This is so even with the xantha 3 heterozygotes, which give a 
less regular segregation (GUSTAFSSON, 1946). 
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THE VIABILITY REACTION. 


Heterosis in segregating progenies. — In fertile plants of two- 
rowed barley there is an obvious correlation of kernel number and 
kernel weight to the number of spikes produced. This goes to say that 
plants with a high tillering capacity will on an average produce more 
kernels and a higher kernel weight than less tillered plants. Hence in 
fertile heterozygotes and homozygotes we may confine our studies to 
a determination of either the spike number or the kernel weight. How- 
ever, in the experiments reported here all three traits were invariably 
analysed. Now and then in this paper, for the sake of brevity, data 
relating to kernel number or kernel weight will be left out of the dis- 
cussion. 

In general the field experiments were arranged in such a manner 
that the kernels were sown in rows, with 15 centimetres between the 
rows and 5 centimetres between the kernels (thirty in number) of a 
row. The experimental plots were regularly given a basic manuring of 
200 kg saltpetre per hectare. These conditions also prevailed in the 
experiments reported by GUSTAFSSON in 1947 and may be regarded as 
a sort of standard arrangement. 

The progenies of 1946 and 1949 were raised from unsifted seed 
materials, harvested, threshed and sown in the common manner. In the 
experiments of 1947 and 1948 the seed materials were sifted before the 
sowing, and no other seeds were used than those remaining on the 
medium-sized sieve (2,5 mm). This procedure was undertaken with the 
express purpose of eliminating all possible influences of any original 
differences in seed size. The analysis indicates that the superior growth 
is as pronounced in the heterozygotes of the sifted as of the unsifted 
material. With regard to spike number per plant the relative propor- 
tions run as follows (normal homozygote = 100): 





Unsifted, dihybrid Sifted, dihybrid Average 
material (1946 +1949) material (1947 + 1948) (1946—1949) 
Dihybrid (A7 + X3) ........ 113,00 116,50 114,75 
Monohybrid (A7) .. ...... 107,50 111,00 109,25 
Monohybrid (X3) .......... 103,50 117,50 110,50 
Number of plants examined 1261 711 1972 


Consequently we may infer that the heterosis present depends 
directly on the genotypical constitution and is not conditioned by any 
original differences in seed size. 

The average superiority of the sum of heterozygotes is for spike 
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number in 1946—1949: 111,5, for kernel number: 109,4, and for kernel 
weight: 110,6. The difference as against the normal homozygotes is 
significant (for spike number: 0,01 > P > 0,001). 

The effects of plant distance and manuring. — In order to deter- 
mine exactly what heterosis is and how it works, seeds of segregating 
progenies were sown at distances of five and ten centimetres and, in 
addition, given different manurings, either the basic amount of 200 kg 
per hectare or a total amount of 500 kg. The plant competition is en- 
tirely annulled with a seed distance of ten centimetres, also here allow- 
ing for the fact that 44 per cent of the seedlings regularly die in di- 
hybrid offsprings, and 25 per cent in monohybrid offsprings. With an 
increasing average distance the individual plants gain in production, 
especially with regard to tillering capacity. The 1949 figures are shown 
in Table 1. 

It is immediately evident that the heterozygotes, whether they are 
of dihybrid or monohybrid descent, do not develop so well as the nor- 
mal homozygotes in the case of wide plant-distances and a low amount 
of manuring. In almost all instances, on the other hand, when com- 
petition is intense, whether the manuring is high or low, the hetero- 
zygotes are superior. With a seed distance of ten centimetres an in- 
creased manuring has a highly improving effect on the vigour of the 
heterozygotes. With five centimetres, again, an increased manuring 
impairs their competitive ability. 

All data referring to spike number per plant for the years 1946— 
1949 are gathered in Table 2. Heterozygotes are at their best under 
» standard conditions», i. e. with five centimetres’ distance and 200 kilo- 
grams of saltpetre. In this case they are on an average 12 per cent 
superior to their homozygous sister plants. With twice the distance 
but a low amount of manuring the heterozygotes become conspicuously 
inferior to the normal homozygotes. Performing the analysis of vari- 
ance we find a probability of less than 0,001 that the four sets of experi- 
ments should be identical. 

Consequently we are able to state that the heterozygous lethals dis- 
cussed here act detrimentally when the plants grow at liberty, that an 
increase of manuring counteracts this detrimental effect, i. e. especially 
aids the heterozygotes, and, finally, that seeds, sown under standard 
conditions with a high degree of competition prevailing, develop into 
superior plants when they are heterozygous for one or more chlorophyll 
lethals. 

Mass effect of the genotypes. — In the preceding instances we used 
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TABLE 2. Seed distance, amount of manuring and heterozygous 
viability. 
(Dihybrid material of 1946—1949.) 
Relative number of spikes in heterozygous plants 


Genotype (homozygote = 100) 




















5cm 10 cm 
500 kg 200 kg 500 kg. 200 kg 
Diliybrid’ 1946; .......6....464 — 119 — a 
» LL SESE Oe e - 129 118 96 
» LU SRP Seo ras — 104 106 93 
» DE etaieie ores. caters 99 107 105 89 
A7-monohybrid 1946........ - 110 ~ _ 
» 1 eae — 123 108 98 
> PUES oiel-:6/< 0,0: -— 99 100 94 
» CCS Oar 104 105 104 89 
X3-monohybrid 1946........ — 107 — — 
> Me ers. sis sieis — 133 102 86 
» 1h Seer _ 102 108 93 
> MOA G eis 55% 102 100 105 91 
PUVOEREIO) (isie.26 es ors ss: oeie'e ies se 101,7 111,5 106,38 92,1 
Number of plants .......... 678 1972 1423 1401 


segregating progenies with proportions between the four viable geno- 
types of 4: 2:2: 1, i.e. the homozygotes are in a distinct minority. For 
a better understanding of the processes of heterosis we need to analyse 
plant vigour when the genotypes are present in equal numbers (1:1: 
1:1) or even in reversed proportions (1: 2: 2: 4). To arrange such ex- 
periments, a certain number of seeds of dihybrid plants had to be 
mixed with seeds of the monohybrids and of the normal homozygotes, 
all seed plants being isolated out of the same original dihybrid progeny. 
In 1949, using ordinary segregating material, we obtained 266 AaBb : 
161 AaBB : 160 AABb: 76 AABB, approximating a proportion of 4:2: 
2:1. From one seed mixture, designed to give a proportion of 1:1:1:1, 
there arose 177 AaBb: 207 AaBB: 188 AABb: 183 AABB, and from 
another, designed to give the proportion of 1:2:2:4, we obtained 
83 AaBb:171 AaBB:183 AABb: 364 AABB. The calculated and ob- 
served ratios are in reasonable agreement. 
Hereditas XXXVI, 26 
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The three sets of data show no significant dif- 
ferences in behaviour. There is a slight indication 
that the monohybrids of the albina 7 mutation are 
somewhat inferior when the normal homozygotes 
are in excess. The lack of pronounced differences 
indicates that there is no special mass effect of the 
individual genotypes by physiological means, for 
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SPP s instance caused by root exudates of specific anti- 
rearevens} biotic substances (cf. OSVALD, 1949). 
ete | Heterosis in artificial crossings. — In all the 
experiments so far discussed growth and competi- 
S = = 2 tive ability were determined in segregating pro- 
 — 3  genies, where the death of recessive seedlings 
i caused an irregular field distribution of the sur- 
= 4 > viving plants. A crucial experiment would neces- 
a w  sitate crossings performed in such a manner that 
eS = no recessives became realized. This is a rather 
= = tedious work, since homozygotes and heterozygotes 
6 ¢ cannot be distinguished when growing, and, owing 
xZBe e = to their lethality, no recessive plants can be used. 
2eoege & 8 In the summer of 1948, however, progeny 
ravers ¥ © 5 plants of albina 7, xantha 3 and alboxantha mono- 
See “= = = hybrids were intercrossed in all combinations. In 
= addition, plants of the dihybrid albina 7 X xantha3 
S = = ? 3 were crossed to alboxantha heterozygotes. The re- 
we F % sulting seeds were sown in the spring of 1949 with 
mig 5 five centimetres between the kernels of a row. The 
3a ” * manuring consisted as normally of 200 kg salt- 


petre. All plants were harvested row for row, ana- 
lysed with regard to spike number, kernel num- 
ber and kernel weight and afterwards tested for 
their genotypical constitution. 

The crossings of monohybrids to normal ho- 
mozygotes (or reciprocally) gave rise to 62 hetero- 
zygotes and 69 homozygotes. The former show a 
superiority (in spike number) by slightly more 
than five per cent. However, the difference is in- 
significant. 

In crossings, on the other hand, giving rise to 
dihybrids, monohybrids and normal homozygotes, 
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there is a pronounced heterosis, statistically significant. The plant pro- 
portion is 67 dihybrids (of various constitution) : 112 monohybrids : 72 
normal homozygotes. The results are shown in Table 3. 

The data are conclusive. Plants heterozygous for one or two lethals 
are superior in all properties examined. 

With regard to the special quality of spike number the six possible 
heterozygotes show the following viability indices (normal homozy- 
gote = 100): 


Dihybrid of alboxantha and albina 7: 14 plants — 123,6 


> » alboxantha and xantha 3: 30 » —113,1 

» » albina 7 and xantha 3: 23 » —111,3 
Monohybrid of alboxantha: 35 plants — 112,7 
> » albina 7: 38 » —111,2 

> » gxantha 3: 39 » —106,1 


Apparently the individual lethals add their effects in the dihybrid 
condition. All three of them, alone or combined, increase viability when 
heterozygous. 


CONCLUSIONS. 


In their joint paper of 1950 GUSTAFSSON and NysBom furnished 
‘some examples relating to the complexity of the viability reaction. 
They showed, for instance, that a mutant which decreased yield in pure 
cultures was able to raise its competitive ability in mixed stands above 
that of the mother strain. Other vital mutants, equal to their mother 
strain for the whole of an eight-year period, responded to special 
exterior conditions (amount of manuring, type of climate) in an entirely 
different way to that of the original strain. A further result indicated 
that recessive seeds, giving rise to lethal seedlings when germinating, 
withstood certain heat treatments better than their normal sister seeds. 

In this paper we have illustrated the complexity of the viability 
reaction once again and now more in particular. We have verified that 
three tested chlorophyll lethals, arisen out of the pure line Golden bar- 
ley, raise plant production and competitive ability in the heterozygous 
state, although they invariably kill the organism when homozygous. But 
the function of these lethals is even more specific. The heterozygous 
lethals are beneficial in dense stands and with high manures but they 
impair production when plant competition is diminished or entirely 
absent. This shows how relative is the phenomenon of viability. The 
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Viability of the 
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Viability of the 
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Fig. 1. Possible alternatives of heterozygote viability in relation to normal type and 
lethal homozygote. 


reactions of viability change with the type of environment. In nature, 
and to some degree also in agriculture, the types of environment are 
continuously shifting. New mutations and new recombinations fit the 
strains or the populations into new equilibria. The struggle for existence 
is not only made up of the crude climatic conditions but is influenced 
by the organisms themselves and their physiological interactions, as 
well as by the individual response of genotypes to competition (crowd- 
ing and thinning). Sparse or, as the case may be, dense populations 
favour certain genotypes and impede others. 

The line of Golden barley used by NILSSON-EHLE in his experi- 
ments was raised from élite material and was as uniform as ever pos- 
sible. Consequently, in the case of the chlorophyll mutations discussed, 
no change of the genotype took place but for the introduction of the 
single-dose lethals. Viewed from the point of the introduced lethals the 
following dominance relations can be stated to occur (Fig. 1). 

In most morphological respects the lethals should be denoted as 
recessive, since the heterozygotes cannot be distinguished from the ori- 
ginal strain. In one physiological feature, and one most significant from 
the evolutionary point of view (viability), the lethals are in a certain 
kind of environment (dense stands) to be denoted as super-recessive, 
since their heterozygotes are more viable than the normal type. In an- 
other kind of environment (sparse stands and low manuring) they act 
as semidominants, since the heterozygotes are distinctly inferior to their 
normal sister plants. The lethals will be regarded as dominant in those 
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instances when the lethal homozygotes and heterozygotes react identic- 
ally. This did not take place in the present material but may prevail 
under certain extreme conditions (for instance, at high temperature 
ranges; GUSTAFSSON and Nysom, 1950). Finally, a lethal is to be con- 
sidered superdominant, using FISHER’s expression (NYBOM, 1950), when 
its heterozygote is less viable than even the corresponding lethal homo- 
zygote. This phenomenon may take place, too, in extreme kinds of 
environment. Thus, a super-recessive lethal causes »positive» heterosis, 
a superdominant lethal some sort of »negative» heterosis (STERN, 1948 a; 
SHULL, 1948). 

The so-called normal allele of a spontaneous chlorophyll mutation 
corresponds in most instances to the entire genotype of the original 
strain minus the introduced lethal. Seen from the point of view of this 
»normal allele» the dominance relations will be the reverse ones: 
(1) superdominant, (2) dominani, (3) semidominant or semirecessive, 
(4) recessive, and (5) super-recessive In this case superdominance im- 
plies the positive and super-recessivei ss the negative heterosis. 

Certainly we consider ourselves to have shown that some lethal 
mutations are highly effective in the heterozygous state, but we do not 
wish in any way to over-estimate their beneficial effects, especially since 
STERN (1948 b) has claimed their inferiority. There remains, however, 
the remarkable and suggestive fact that of the chlorophyll mutations 


‘which have arisen out of Golden barley every three tested lethals im- 


prove viability under standard conditions. There is but one alternative 
to this interpretation. It implies that in the same chromosomes and in 
close proximity of these lethals there arose simultaneously or succes- 
sively three viability-increasing factors, which counteract the lethals 
and cannot be separated from them even in the course of generations. 
This alternative signifies such an improbable state of things that we 
will here disregard it. 

Modern evolutionary debates circle around the problems of mutani 
origin, expression and viability. This paper has further emphasized the 
necessity of studying the response of a certain mutation, single or 
double, in a series of environments before testifying to its rate of sur- 
vival and selectionary value. We have confirmed the point, significant 
also to man, that detrimental mutations are ever so often beneficial. 


This investigation was carried out with the financial support of 
the Swedish Research Councils of Agriculture and Natural Sciences. 
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MULTIPOLAR SPINDLES IN HUMAN 
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I. INTRODUCTION. 


i mitotic spindle — its structure and behaviour — has been the 
subject of extensive investigation. Concerning its mode of origin 
and function a great number of hypotheses have been put forth. A 
number of the older theories have been reviewed by WILsoNn (1925) 
while a recapitulation of the more recent ones is found in SCHRADER’S 
(1946) survey on mitosis. 

Most of the theories endeavouring to explain the spindle mechanism 
have been based on the fact that the mitotic spindle is, as a rule, bipolar. 
This seemingly simple structure together with its regular behaviour has 
evidently led many authors to seek for a single, comparatively simple 
explanation of the mitotic phenomena. As pointed out especially by 
SCHRADER (1946), none of these hypotheses does, however, provide a 
sufficient basis for their understanding. Especially clear is the failure 
' of these theories to account for the numerous deviations from the normal 
division which show that the forces and phenomena involved are in 
reality very complicated. 

The human cancer tissues now studied provide, among other spindle 
disturbances, excellent material of multipolar divisions. It is possible to 
follow the origin and development of multipolar divisions from simple 
to highly complicated cases. The following data may also be pertinent 
in regard to spindle structure in general. 


Il. MATERIAL AND METHODS. 


The material consisted of two cases of human carcinoma chosen 
from some 200 cases of carcinoma of the female genital tract examined 
by us (TIMONEN and THERMAN, 1950). Though many of these cases ex- 
hibited similar features, multipolarity was most highly developed in the 
two cases described here. Case 1 was a cervical carcinoma of spino- 
cellular origin, while case 2 represented a highly malignant ovarian 
carcinoma. 
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The aceto-alcohol squash technique was best for the study of the 
chromosomes. The spindle structure again was more successfully 
revealed by slow formol fixation, which, however, made the chromo- 
somes rather swollen. 

The biopsies from case 1 were fixed in aceto-alcohol for 1—2 hrs., 
stained with Feulgen, and thereafter made into squash preparations 
according to DARLINGTON and La Cour (1947). Light green was in many 
cases used as a counterstain. The biopsies from case 2 were fixed in 
10 per cent formol, embedded in paraffin and sectioned. The best stain- 
ing to reveal the spindle structure was van Gieson’s haematoxylin-picric 
acid-fuchsin (cf. ROMEIS, 1932), but crystal violet and Feulgen were 
also used. 

The magnification of both the camera-lucida drawings and the 
microphotographs is 1500. In the legends to the figures the following 
abbreviations are used: AA for aceto-alcohol, Fo for formol, Fe for 
Feulgen, and G for van Gieson’s stain. White, black and stippling are 
used to denote chromosomes at different levels. The spindles are de- 
picted only in those cases in which they were clearly visible. 


II. OBSERVATIONS. 


1. CYTOLOGICAL OBSERVATIONS. 


When different cases of carcinoma are examined for multipolar 
mitoses it is seen that the first ones to appear are tripolar divisions. In 
more advanced cases their number increases and thereafter quadripolar 
divisions begin to accumulate. Similarly, the higher multipolars 
gradually appear and increase in number. Fig. 1 represents the relative 
frequencies of the different kinds of metaphase stages as counted from 
200 cells in each case. Case 1, being less advanced, contains only bi- 
polar, tripolar, quadripolar and one hexapolar as well as one heptapolar 
metaphase. One decapolar anaphase (Fig. 4,c) was, however, found 
which shows that even higher multipolars form in rare cases. Case 2 
exhibited a more complete series from bipolar to octopolar metaphases. 
Divisions provided with more poles are also found; they are, however, 
too complicated to be analysed with any certainty. It may be mentioned 
that even fairly complicated metaphase configurations occur repeatedly, 
the same basic forms being only slightly modified. 

Even the bipolar divisions in cancer cells show a number of disturb- 
ances when compared with normal human cells (cf. TIMONEN and 
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Fig. 1. Graph showing the frequencies of different kinds of metaphases in two cases 
of human carcinoma as counted from 200 cells in each case. 


THERMAN, 1950). The most important of these is the occurrence of 
lagging chromosomes outside the plates. Another feature often observed 
in cancer cells is the occurrence of hollow metaphase plates (Fig. 3, a). 

It is well known that cancer cells contain varying numbers of 
chromosomes from hypoploids to high polyploids. Multipolarity seems, 
however, to be fairly independent of the chromosome number in that 
highly polyploid bipolar as well as multipolar configurations which 
contain low chromosome numbers are found. 

As mentioned above, the first multipolar divisions to appear and 
also the most common ones are tripolar mitoses. Two examples of tri- 
polar metaphases are seen in Figs. 2, a and 3, b. 

In quadripolar metaphases the chromosomes are arranged in four 
plates. The configuration most frequently encountered is shown in Figs. 
2, b and 3, d, the fourth plate in Fig. 3,d being hollow. An H-shaped 
quadripolar metaphase arising in an ellipsoid nucleus is seen in Fig. 2, c. 
Another spatial aspect of the same type of configuration is illustrated 
by Fig. 3, c. 

The next higher divisions with an even number of poles are the hexa- 
polar divisions. A not infrequently encountered type of a hexapolar 
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Fig. 2. Multipolar metaphases in human cancer cells. — a: tripolar metaphase; 
~ b—c: quadripolar metaphases; d—e: hexapolar metaphases; f—g: pentapolar meta- 
phases; h: heptapolar metaphase. (g: Fo, G; the others: Fo, Fe.) 


metaphase is illustrated in Fig. 2, e. Fig. 2,d again represents another 
type of hexapolar division. 

The pentapolar configurations are best explained as modifications 
of hexapolar divisions in which one of the poles fails. Examples of such 
metaphases are seen in Figs. 2, f, g and 3, e. In the last figure the struc- 
ture of the spindle is clearly seen. 

When the number of the poles increases further, very complicated 
configurations are possible. In Fig. 2,4 a heptapolar metaphase is 
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Fig. 3. Mitotic stages in human cancer cells. — a: bipolar, hollow metaphase plate; 

b: tripolar metaphase; c—d: quadripolar metaphases; e: photo of the pentapolar 

metaphase in Fig. 2, g, spindle structure clearly visible; f: bipolar anaphase with 
chromatid bridges and laggards. (e: Fo, G; the others: AA, Fe.) 
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Fig. 4. Multipolar anaphases in human cancer cells with laggards and chromatid 
bridges. — a: tripolar anaphase; b: pentapolar anaphase; c: decapolar anaphase; 
d: heptapolar anaphase. (AA, Fe.) 


drawn. This consists of one Y-shaped configuration (stippled), one H- 
shaped configuration (black), and the plates between (white). 

In highly polyploid giant cells it is often observed that the chromo- 
somes — though contracted as at metaphase — lie scattered round the 
cell. In some cases they show abortive attempts to arrange themselves 
into metaphase plates. This may depend on the fact that when the size 
of the prophase nucleus reaches a certain limit the centrosomes lose 
contact when repelling each other at prophase, and are thus unable to 
bring about any polarization in the cell. 

At anaphase, lagging chromosomes and chromatid bridges are com- 
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mon in bipolar (Fig. 3,/) as well as multipolar divisions. A tripolar 
anaphase is depicted in Fig. 4, a. Fig. 4, b again illustrates a pentapolar 
anaphase, while in Fig. 4,d a heptapolar anaphase is seen. In Fig. 4, c 
the division with the highest number of poles observed by us is illus- 
trated. In this case the chromosomes are divided between no less than 
ten poles. 

Not all metaphase stages, especially among the multipolar divisions, 
are able to reach anaphase. It is often seen that the chromosomes at 
metaphase begin to disintegrate, which finally leads to the formation 
of a number of chromatid droplets. Intermediate stages of such de- 
generation processes are often encountered in cancer cells. In accord- 
ance with this is the observation that the frequency of multipolar 
anaphases is relatively less than the frequency of multipolar metaphases 
when compared with the total number of the corresponding stages 
(TIMONEN and THERMAN, 1950). 

In this connection it seems of interest that LEwIs and LEwis (1932), 
who have studied Walker rat sarcoma in vitro, have observed that a 
number of divisions which have reached the metaphase stage are unable 
to proceed further, relapsing directly back into a resting stage. At meta- 
phase it is seen that the chromosomes shift back and forth many times, 
thereafter suddenly separating into two anaphase groups. Anaphase 
separation is accordingly regarded by LEwIs and LEwIs as a critical stage 
which many nuclei seem unable to complete. Probably the multipolar 
divisions have even more difficulties in this respect than bipolar 
divisions. 

The often encountered multinucleate cancer cells obviously arise 
through a multipolar nuclear division with a subsequent failure of cell 
division. KOLLER (1947) and others have reported that the nuclei in a 
multinucleate cell often divide synchronously. In our material no case 
which could be interpreted as such a synchronous division was found, 
though multinucleate cells in resting stage were rather common. 

The many-lobed giant resting nuclei — so characteristic of many 
cancer tissues — probably result from some sort of abortive mitosis. 
Either the chromosomes are unable to complete anaphase separation, 
forming a resting nucleus directly from metaphase (cf. above), or the 
anaphasic separation is not followed by a formation of separate nuclei. 


2. THE FORMATION OF MULTIPOLAR SPINDLES. 


The essential part of the spindle seems to be the aster which a 
centrosome (or the more diffuse spindle organizer in plants) develops 
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round itself. This aster represents a polarized region in the cytoplasm, 
and where two asters meet a spindle is formed (cf. DARLINGTON, 1937, 
p. 534). The structure of the asters and spindles is especially clearly 
visible in the mitoses of the white fish Coregonus (see DARLINGTON, 
1937, Plate 14). That the aster is the essential — often fairly independent 
— structure in spindle formation is shown by the monoasters formed in 
the eggs of many sea-urchin species, which in some cases even collect 
chromosomes round themselves. The same independence of the asters 
expresses itself in their general behaviour in the sea-urchin eggs 
(WILSON, 1925; FANKHAUSER, 1934). 

The multipolar configurations found in cancer tissues are also best 
explained on the same principle. One aster may form spindles in any 
direction and to any number depending on the number and situation of 
the other asters in the cell. One centrosome and the aster formed by it 
are thus often completely surrounded by metaphase plates. When 
several such arrangements are combined the highly multipolar meta- 
phase configuration may come to resemble a honeycomb in its structure. 

The centrosomes — two or more — repel each other at prophase, 
arranging themselves on the surface of the nucleus at the greatest 
distances possible. The number of centrosomes and the shape of the 
nucleus thus determine the prophase positions of the centrosomes. After 
this the nuclear membrane disintegrates and the spindles arise. The 
distance between the centrosomes and the fact that the different spindles 
avoid each other spatially are the only factors limiting the number of 
spindles. In spherical nuclei the resulting metaphase configurations are 
fairly regular, while in ellipsoid, ovoid or irregularly-shaped nuclei 
different modifications of the basic forms arise. 


IV. DISCUSSION. 
1. THE ORIGIN OF MULTIPOLAR SPINDLES. 


Normal mitosis consists of several fairly independent processes, the 
course of which, however, is strictly co-ordinated. These phenomena 
may be divided into two main groups, i. e. the extrachromosomal or 
spindle mechanism and the intrachromosomal changes. Any disturbance 
in the timing of the different processes brings about some modification 
of mitosis. A number of these are regulated phenomena, of which the 
most important is meiosis (DARLINGTON, 1937). According to DARLING- 
TON, meiosis results from the fact that the extrachromosomal changes 
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act in advance of the intrachromosomal changes. This precocity theory 
of meiosis has been applied by OxksALa (1944) in his study on the 
spermatogonial divisions in the dragon-fly genus Aeschna. It has been 
shown by OKsALA that in these animals at least the precocity develops 
gradually during the last premeiotic mitoses. The polarized stage, i. e. 
metaphase, comes precociously as compared with the intrachromosomal 
cycle. It is further stressed by OKSALA that a great number of other 
cytological phenomena are best explained by assuming a timing differ- 
ence between the extrachromosomal and intrachromosomal processes. 
Thus we have all intermediates between endomitosis, in which the extra- 
chromosomal apparatus is suppressed, and somatic reduction, in which 
the chromosomes fail to divide. 

It has been suggested by us (TIMONEN and THERMAN, 1950) that the 
mitotic disturbances characteristic of cancer cells could best be ex- 
plained on the assumption that in this case, too, the spindle mechanism 
is precocious as compared with the chromosomes. This primary disturb- 
ance would give rise to the other irregularities observed. The prophase 
stage is greatly shortened, the metaphase thus occurring precociously. 
Consequently a part of the chromosomes, as a rule, are unable to reach 
the metaphase plate in time, remaining as laggards outside. The origin 
of the multipolar divisions may also be traced back to the precocity 
of the extrachromosomal changes, which leads to a situation where 
. one or both of the centrosomes divide twice while the chromosomes 
divide once. 

That the primary origin of the multipolar spindles is, in fact, more 
adequately explained in these terms than as due to some sort of 
restitution phenomenon (cf. LEwis and LEwis, 1932) is proved by three 
facts. Firstly, multipolarity is not always connected with polyploidy, 
though naturally the highest multipolar divisions contain polyploid 
numbers of chromosomes. Secondly, the first ones to appear and the 
most frequent multipolar divisions are tripolar divisions. If multipolarity 
were to arise through the formation of restitution nuclei, quadripolar 
divisions should predominate. Thirdly, in addition to tripolar mitoses 
other divisions, too, with uneven numbers of poles are found. 

It seems, however, probable that the occurrence of higher multi- 
polars than tripolar and quadripolar divisions is bound up with some 
kind of restitution or abortive mitosis. In this way the number of 
centrosomes would be alternately doubled through failure of anaphase 
and through their precocious division, the result being the high multi- 
polar divisions observed. 
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The occurrence of multipolar divisions in cancer is thus one of the 
features suggestive of timing disturbances in the different nuclear pro- 
cesses. Though the cytological phenomena exhibited by cancer do not 
show the regularity which, as a rule, governs meiosis, a clear tendency 
towards a precocity of the extrachromosomal changes is obvious (cf. 
DARLINGTON, 1948). The same tendency seems also to prevail in human 
pernicious anaemia, which leads to multipolar divisions and other dis- 
turbances in the mitoses of the premyelocytes (LA Cour, 1944). 


2. DIFFERENT MODES OF MULTIPOLAR DIVISIONS. 


As described in all text-books of cytology, the main difference in 
the spindle formation of animals and higher plants lies in the circum- 
stance that in animals the spindle is organized by a definite — often 
visible — body, the centrosome, while in plants the spindle organizers 
form a more dispersed region. 

In animals the presence of a limited organizer makes the spindle 
convergent, which fact determines also the shape of multipolar spindles 
in them. The different metaphase plates in a multipolar spindle are 
contiguous, forming an integrating system. In plants again the less con- 
vergent shape of the spindle, as a rule, gives rise to some type of split 
spindle if several poles are present. 

Multipolar divisions in most cases occur sporadically in otherwise 
normal tissues (for examples, see BOWEN, 1922; WILSON, 1925; DarR- 
LINGTON, 1937). As a developed system multipolarity is found in various 
kinds of malignant tissue. Multipolar divisions in cancer cells were ob- 
served already by the end of the last century, and have since been 
repeatedly described (WINGE, 1930; LEVINE, 1931; MOELLENDORF, 1931; 
LEwIs and LEwIs, 1932; KOLLER, 1943, 1947). The present study, how- 
ever, is the first attempt to analyse these multipolar divisions from a 
cytological point of view. 

Of the spindle aberrations characteristic of plants only a few 
examples may be mentioned. In wheat hybrids BLEIER (1930) has found 
different types of tripolar and split spindles. Both split spindles and 
tripolar spindles of the shape usually found in animals have been de- 
scribed by SWANSON and NELSON (1942) in Mentha. 

Another type of spindle abnormality has been observed by Dar- 
LINGTON and THOMAS (1937) in a trisomic Festuca-Lolium hybrid. In 
the first meiotic division the centromeres of the chromosomes develop 
separate spindles which diverge at anaphase forming separate daughter 
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nuclei. In the second division the chromosomes are unattached to the 
spindle, and the spindle stretches and bends around the cell. 

These examples in themselves suffice to show that in its structure 
and behaviour the spindle is rather complicated, consisting of a great 
number of co-ordinated processes. That the spindle may vary even in 
its basic organization is proved by its different structure in plants and 
animals. It seems that the only common feature in the different spindle 
types is their purpose, i. e. that the chromosomes are to be separated 
into two equal groups at anaphase, which end in different cases is 
achieved by different means. The attempt to find a single explanation 
for the various spindle types seems therefore to be doomed in advance 
to failure. 

It has been pointed out in many connections that the spindle ap- 
paratus may act fairly independently of the chromosome mechanism. 
Whether this implies that the spindle is independent of the chromosomes 
in its causation also, cannot be decided on the basis of the evidence 
available fort the present. Our actual knowledge concerning the inter- 
action of the genes and the cytoplasm is as yet rather scanty, and it is 
by no means excluded that processes which seemingly take place in the 
cytoplasm are still governed by the genes or their products (cf. MATHER, 
1948). 


We are greatly indebted to the Chief of the Women’s Clinic of the 
University of Helsinki, Professor A. TURUNEN, M.D., for the kind interest 
he has shown in our work. 


SUMMARY. 


(1) The structure and behaviour of multipolar spindles have been 
analysed in two cases of human carcinoma of the female genital tract. 

(2) In case 1 the percentage of multipolar divisions is one-tenth 
and they represent mainly the lower multipolar types. In case 2, being 
more advanced, one-half of the metaphases are multipolar, and among 
them are found all intermediates from tripolar to very high multipolar 
divisions. 

(3) The origin of the multipolar divisions is explained on the as- 
sumption that the extrachromosomal changes, i. e. the spindle mecha- 
nism, are precocious as compared with the intrachromosomal changes. 
This precocity, which seems to be the primary cytological change in 
cancer, gives rise to most of the other abnormalities observed. 
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(4) The structure of the multipolar metaphase configurations is 


determined by the following facts: The number of the centrosomes, and 
the shape of the prophase nucleus. One centrosome surrounded by the 
aster may form spindles in any direction, the distance between two 
neighbouring centrosomes being the only limiting factor. 


(5) The different mode of multipolar division in animals and plants 


is determined by the presence of definite spindle organizers in animals 
and their diffuse structure in plants. 
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THE CHROMOSOMES OF ASCAPHUS 
TRUEI AND THE EVOLUTION OF 
THE ANURAN KARYOTYPES 
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INTRODUCTION. 


enon investigations on the cytology of Anura have shown that 
this group of Vertebrates is, cytologically, very uniform. Some of 
the primitive recent species, however, show variations from this con- 
formity which may be used to elucidate the evolution of the karyotypes 
of Anura (WICKBOM, 1945, 1949 a). 
Modern taxonomists divide Anura (Salientia) into the following 
main groups (NOBLE, 1931): 
SUBORDER I. AMPHICOELA. 
FAMILY LEIOPELMIDAE. 
Ascaphus truei. Northwestern U.S. A. 
Leiopelma. Three species in New Zealand. 
SUBORDER II. OPISTOCOELA. 
FAMILY PIPIDAE. 
Pipa in tropical South America. 
Xenopus, Hymenochirus, and P:eudhymenochirus in South Africa. 
FAMILY DISCOGLOSSIDAE. 
Alytes, Bombina, and Discoglossus in Europe, the Mediterranian 
region, and Eastern Asia. 
Barbourula in the Philippines. 
SUBORDER III. ANOMOCOELA. 
Pelobates, Pelodytes, Scaphiopus, etc. 
SUBORDER IV. PROCOELA. 
Bufo, Hyla, etc. 
SUBORDER V. DIPLASIOCOELA. 
Rana, etc. 


The groups where the said variations hitherto are found are the 
genera Xenopus, Alytes, Bombina, and Discoglossus where the author 
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described acrocentric chromosomes instead of the metacentrics typical 
of all other Anura (WICKBOM, 1949 a), etc. 

In an attempt to throw some more light upon the problems involved 
in the evolution of Anurans the author has tried to get material from 
the remaining primitive groups, i. e. the suborder Amphicoela and the 
South American Pipids. 

For geographical reasons, however, he has met with great diff- 
iculties but through the very great kindness of Professor JAMES A. 
SLATER, Puget Sound, Tacoma, U.S. A., and Dr. BESsIE M. HEcuT, The 
American Museum of Natural History, he has obtained three specimens 
of Ascaphus truei STEJN., and through the ready courtesy of Dr. E. G. 
TurRBOTT, Auckland, and Dr. O. H. SELLING, Stockholm, he has got 
three specimens of Leiopelma hochstetteri FITZINGER. It is the author’s 
pleasant duty to express his most cordial thanks to Professor SLATER, 
Dr. HecuT, Dr. TURBOTT, and Dr. SELLING for their very useful help 
with this very rare material. 

Ascaphus truei was described in 1899 by STEJNEGER and placed in 
the family Discoglossidae. Since then taxonomists have placed it in 
various positions in the system (see DE VILLIERS, 1934, for the literature). 
Leiopelma was described in 1861 by FITZINGER and this species, too, was 
formerly placed in Discoglossidae. However, all modern scientists who 
have worked with the anatomy of Ascaphus and Leiopelma (e. g., 
NOBLE, 1931; DE VILLIERS, 1934; WAGNER, 1934; PUSEY, 1943) claim 
the correctness of the systematic position proposed by NOBLE and 
mentioned above. 

Exteriorly, Ascaphus and Leiopelma look very much like a slender 
little Rana. Only the protruding tail-like chloaka of the male Ascaphus 
deviates from the common frog appearance. Several anatomical trends, 
however, show their primitiveness (NOBLE, 1931; WAGNER, 1934; 
DE VILLIERS, 1934; PUSEY, 1943). 

The specimens of Ascaphus used by the present author were caught 
in the foothills of the Cascades in the first days of May, 1949, by Pro- 
fessor SLATER. The specimens of Leiopelma were caught in New Zea- 
land by Dr. TURBOTT on November 16, 1949. Both species were sent 
alive by air to Sweden. After arrival the specimens of Ascaphus were 
left in an aquarium for a week and were then killed with ether in order 
to avoid damaging the skeletons of these rare animals. The specimens 
of Leiopelma arrived in very bad condition and died or were killed 
immediately after arrival. After the testes were removed the bodies were 
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delivered to the Zootomical Institute of Stockholm University for 
anatomical investigations. 

The testes were preparated in the manner described in the author’s 
previous works (e.g. WICKBOM, 1945) but the fixing and staining took 
place in acetic orcein instead of acetocarmin. 


RESULTS. 


The testes showed a very active spermatogenesis. All stages were 
found from dividing spermatogonia to ripe sperms. This is very interest- 
ing as in other Anura from temperate climates with a determined 
spawning period the spermatogenesis takes place in early autumn or 
during a longer period in summer and autumn (CEI, 1944). The scanty 
material, however, did not allow of any investigation of the spermato- 
genetic cycle of Ascaphus and Leiopelma. 





Fig. 1. Mitotic metaphase of Ascaphus truei. 2500 X. — Fig. 2. I-M of Ascaphus truei. 
2500 X. 


The mitotic chromosomes of Ascaphus truei appear from Fig. 1 and 
Scheme 1. The set contains 42 chromosomes. Twelve chromosomes are 
large and metacentric, thirty very small and acrocentric. At meiosis they 
form 21 pairs (Fig. 2). The frequency and distribution of chiasmata 
were not more thoroughly analysed as the preparations were made only 
a week after the animals were transported from California to Sweden 
and in quite another climate than that natural for the species. The 
chiasma frequency and distribution are heavily affected by temperature 
(WicKBOM, 1945). Under the conditions described the number of 
chiasmata in Ascaphus equals one per arm pair, i.e. about 27 per 
nucleus. The localization is mainly terminally as in other Anurans 
(WickBoM, 1949 a). 
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Scheme 1. The chromosome morphology at mitotic metaphase. Ascaphus truei. 


No chromosome pair of the male Ascaphus gives reason to be 
regarded as sex chromosomes in view of its appearance or behaviour. 
This is in accordance with the conditions in other Anura (WICKBOM, 
1945, 1949 a). 

Unfortunately, the material of Leiopelma did not allow of any 
determination of the number or morphology of the chromosomes in this 
species. 


DISCUSSION. 
I. THE N.F. OF ANURA. 


During his studies on Anuran chromosomes the author advanced 
the theory (WiIcKBOM, 1949 a) that the common karyotype of Anomo- 
coela, Procoela, and Diplasiocoela consisting of about 24 metacentric 
chromosomes has originated by the fusion two by two of 48 acrocentric 
. elements. Alytes obstetricans, Xenopus laevis, and Discoglossus pictus 
have some acrocentrics left and are thus to be considered as primitive 
species (WICKBOM, 1949 a). 

As seen, the karyotype of Ascaphus truei agrees fairly well with 
this theory. Twenty-four acrocentrics have fused to twelve metacentrics, 
the other acrocentrics remain as such. However, the number of chro- 
mosome arms [Nombre fondamental, N. F. (MATTHEY, 1949)]| is 54, six 
more than expected according to the theory mentioned above. It is very 
difficult to decide whether these six small chromosomes are »super- 
numeraries», secondarily formed by some cytological irregularity and 
established in evolution, or a relic from ancestors with higher N. F. than 
48. Comparisons with other primitive Tetrapods give very little in- 
formation in this respect. Certainly, the ancestral N. F. of Lacertilia, 
Ophidia, and Sphenodon is 48, but as will be seen below, the parallel 
evolution of the chromosomes in these Reptilians and Anura takes some 
evidential strength away from this similarity. Chelonia have N. F.’s 
higher than 48 (MATTHEY, 1949) but the group is very heterogeneous 
as regards the number of chromosome arms. The most primitive Chelon- 
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ian species cytologically investigated, Sternotherus, has together with 
Emys the lowest N. F. (54), the most specialized one, Amyda, the high- 
est (70) (see MATTHEY, 1949, for the literature). As our present know- 
ledge seems to indicate that chromosome evolution in Chelonia tends to 
raise the number of chromosome arms, the high numbers found in 
turtles are no support for the opinion that N. F.’s above 48 should be 
primitive in Eutetrapoda. 

Primitive Urodela, on the other hand, have a higher N. F. (74—76), 
but they show such great resemblance in many respects with Dipnoi 
that they cannot be looked upon as belonging to the same Tetrapod 
stock as Anura (WICKBOM, 1945, 1949a). Nor can the Apoda 
(N. F. = 52) be regarded as near relatives to Anura (MATTHEY, 1949, 
for literature on the chromosome numbers). 

In favour of the opinion of the primitiveness of the six extra chro- 
mosomes of Ascaphus the fact might be mentioned that the evolution of 
the Anuran karyotypes seems to have gone from higher to lower 
numbers (WICKBOM, 1949b). This rule, however, is a consequence of 
the fusions of acrocentrics to metacentrics and is not valid as regards 
other structural changes. Moreover, the above-mentioned fusions leave 
the number of arms unaffected. Certainly the specialized family Bufo- 
nidae and the genus Acris have a low N.F. (44), but the likewise 
specialized families Ranidae, Polypedatidae, and Brevicipitidae have 
high N. F.’s (52—56) (WicKBom, 1949 b, for literature). These numbers 
are with all certainty formed secondarily from ancestors with N.F.=48. 

Thus nothing decisive can be said about the origin of the six extra 
microchromosomes of Ascaphus, but probability supports the opinion 
that they are secondarily formed. 


II. MACRO- AND MICROCHROMOSOMES IN ANURA. 

However, one peculiarity of Anuran chromosome sets remains to 
be explained. All investigators of the chromosomes of this group report 
that the chromosomes of any species of Anura may be divided into two 
fractions, one containing about 12 large elements and the other about 
12 smaller ones (WiIcKBOM, 1945, p. 259 ff, 1949 a). The same peculiar- 
ity is found in Reptilian chromosomes (MATTHEY, 1949, for literature), 
where it is so marked that the two groups are called macro- and micro- 
chromosomes. 

In his first paper on Anuran chromosomes (WICKBOM, 1945) the 
author launched the theory that this step in the chromosome length 
curve of Anura might indicate an incipient division of the set into such 
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groups of macro- and microchromosomes. This view appears, however, 
to be false. In the very primitive species Ascaphus the difference between 
the long and short chromosomes is large enough for the terms macro- 
and microchromosomes to be used (Fig. 1; Scheme 1). The cause of 
this great difference in length between the two chromosome groups in 
Ascaphus in spite of the smallness of the larger elements as compared 
with those of other Anurans must be the fact that all microchromo- 
somes of this species are acrocentric. 

Acrocentric microchromosomes are also found in the primitive 
species Alytes, Xenopus, and Discoglossus (WICKBOM, 1949 a). 

The author, instead of his earlier theory of the significance of the 
step in the chromosome length curve, now wishes to offer the opinion 
that the division of the set in macro- and microchromosomes was a 
characteristic in ancient Stegocephalians, ancestors to Anura and 
Reptilia. In Reptilia this division is very evident, inter alia because the 
microchromosomes in most species are free acrocentrics while the ma- 
cros have often fused to metacentrics (see below). In most Anura all 
chromosomes have fused two by two whence the difference between 
macros and micros is not very great. The conditions in Ascaphus indicate 
the primitiveness of the differentiation of the chromosome set of Anura 
and Reptilia into one group of microchromosomes and one group of 
macrochromosomes. At metaphase the former take a centric, the latter 


‘ a peripheric position in the plate. 


III. THE EVOLUTION OF ANURAN KARYOTYPES. 


From the facts set forward in the preceding chapters one seems 
justified in believing that the ancient Anuran chromosome set of 48 
acrocentric chromosomes must have been differentiated in 24 macro- 
and 24 microchromosomes. The evolutionary lines connecting the chro- 
mosome sets of the now living Anuran species must therefore be as 
follows (cf. Fig. 3): 

(1) The hypothetical stem set of Anura had 48 chromosomes, 24 
macro- and 24 microchromosomes. All these were acrocentric. 

(2 a) In Ascaphus the macrochromosomes have fused two by two to 
12 metacentric macros. The 24 micros are still free and acrocentric. Six 
extra (?) microchromosomes are found. Thus, Ascaphus has 12 meta- 
centric macros and 30 acrocentric micros. 

(2b) Alytes obstetricans and Xenopus laevis. In these two species 
16 acrocentric macros have formed 8 metacentric macrochromosomes. 
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Fig. 3. The evolution of Anuran karyotypes. 
— 1. Hypothetical stem form. — 2a. Asca- 
phus truei. — 2b. Alytes obstetricans and 
Xenopus laevis. — 3. Discoglossus pictus. — 
4, Bombina and other higher Anura. 






7 xs 
714\% 








Four macros remain as acrocentrics. Another four seem to have dis- 
appeared or are transformed to micros. Of the 24 micros, 8 have formed 
4 metacentric microchromosomes, the other 16 are free. Four additional 
micros are found. If they are transformed macros or formed in another 
way is impossible to decide. Thus, Alytes and Xenopus have 8 meta- 
centric and 4 acrocentric macros, 4 metacentric and 20 acrocentric 
micros. 

(3) Discoglossus pictus. As in Ascaphus all macros have fused to 12 
metacentrics. Sixteen micros form 8 metacentric microchromosomes, 8 
micros are free acrocentrics. 

(4) Bombina. All large elements have fused to 12 metacentric 
macros, all small ones to 12 metacentric micros. 
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(5) In the same way the chromosome set of the other suborders of 
Anura must have been formed. All of them contain about 6 pairs of 
metacentric macrochromosomes and 6 pairs of metacentric micros. 

In Reptilia MATTHEY (1949) has shown that the fusion of acro- 
centrics to metacentrics always goes between two chromosomes of the 
same group — never between a macro- and a microchromosome. The 
same appears to be true also in Anura. Later in the evolution, however, 
secondary structural changes seem to have appeared which somewhat 
confuse this original arrangement. The chromosome numbers 22 in Bufo 
and Acris, 26 in Rana and others, and 28 in Cacopoides must have 
originated in that manner as well as the number of 7 pairs of macro- 
chromosomes in Pelobates and 5 in most Ranidae (WIcKBoM, 1945). 


IV. THE RELATION BETWEEN ANURA AND OTHER 
VERTEBRATE GROUPS. 


A. COMPARISON WITH REPTILIA. 


If the karyotypes of Anura are compared with those of the neigh- 
bouring Vertebrate groups, the following conclusions may be drawn. 

The karyotypes of Reptilia are derived from a hypothetical stem set 
of 48 acrocentric elements divided into a group of 24 macro- and 24 
microchromosomes (MATTHEY, 1949, for literature). In the evolution of 


‘ the Reptilian chromosome sets fusions of acrocentrics to metacentrics 


have played a great réle (MATTHEY, op. cit.). 

Thus the hypothetical stem set of Anura is the same as that of 
Reptilia, and the evolution of the karyotypes has run parallel in these 
two Vertebrate groups. This is in no way astonishing as we find from 
palaeozoology that the connection between the most primitive Reptilia 
and the Labyrinthodont Stegocephalians, ancestors to Anura, is so close 
that the delimitation of these groups from one another is quite arbitrary. 
Therefore the theories of the phylogeny of the karyotypes of Anura and 
Reptilia are in very good accordance with our present views of the 
phylogeny of these groups founded upon comparative anatomical and 
palaeontological reasons. 

As the evolution has run parallel in Anura and Reptilia it is quite 
natural that we must meet species of these two groups which have the 
same chromosome numbers and the same arrangements of acro- and 
metacentrics. Bombina (WicKBOM, 1949 a) and Chamaeleo (MATTHEY, 
1949) are samples of such species. Both have 12 metacentric macros 
and 12 metacentric micros. Ascaphus and, on the other hand, Agama, 
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Anolis, Gerrhosaurus, Trogonophis, and Uromastix may also be 
mentioned. There the macros have fused to 12 metacentrics while the 
micros are free. 

The fundamental difference between Anura and Reptilia in this 
connection is the fact that practically all Anurans (all 34 species 
investigated in the three suborders Anomocoela, Procoela, and Diplasio- 
coela, and the genus Bombina with 3 species investigated in the suborder 
Opistocoela) have only metacentric chromosomes. The acrocentrics are 
found exclusively in the primitive suborders Opistocoela and Amphi- 
coela, containing together only about 20 known species of the 1,200 in 
the order Anura. The fusion of acrocentrics to metacentrics was possibly 
completed already before the differentiation of the three higher sub- 
orders of Anura, but it may possibly have run parallel to them. 

In any case the acrocentric chromosomes of Ascaphus, Alytes, 
Xenopus, and Discoglossus must be regarded as relics of very ancient 
cytologic conditions in the Tetrapod group. 

In Reptilia, on the other hand, almost every one of the nearly 70 
species investigated represents a stage in the evolution of acrocentrics 
to metacentrics. Members of the same family sometimes differ as regards 
chromosome number and morphology but are easily brought into 
correspondence with one another by the fusion theory (MATTHEY, 
1949). The only Reptilian species hitherto investigated where all acro- 
centrics have disappeared by fusions to metacentrics is Chamaeleo. The 
distribution of metacentrics and acrocentrics in Reptilia compels the 
observer to believe that the evolutionary process with centric fusions 
is here still at work. This view is strongly supported by the fact that in 
one species, Gerrhonotus scincicauda, MATTHEY (op. cit.) found individ- 
uals with 18 acrocentrics and two metacentrics and others with 20 acro- 
centrics and only one metacentric. 

Thus, we are brought to the conclusion that cytologically the order 
Anura is much more uniform and specialized than Reptilia. The three 
large suborders of Anura — Anomocoela, Procoela, and Diplasiocoela — 
have arrived at a final stage in the karyotype evolution by fusions of 
acrocentrics to metacentrics which implies a high degree of cytologic 
specialization. In all Reptilians, except Chamaeleo, on the other hand, 
cytologic conditions remain which must be considered much more prim- 
itive. The fact is that on comparative anatomical reasons Anura must 
be regarded a very specialized group, far more specialized than recent 
Reptilians (Evans, 1944). It is very interesting to find that on this point, 
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too, the cytologic status of these two Tetrapod groups is in accordance 
with modern views of comparative anatomy. 


B. COMPARISON WITH URODELA AND DIPNOI. 


Concerning the connection between the primitive Anuran chro- 
mosome set as represented by Ascaphus, Alytes, Xenopus, and Disco- 
glossus and the Urodelian types, the following facts must be taken into 
consideration. As pointed out by the present writer (WickBoM, 1945, 
1949 a) and MATTHEY (1949), the most primitive Urodelian suborder 
Cryptobranchoidea (NOBLE, 1931), including the families Cryptobranch- 
idae and Hynobiidae, is characterized cytologically by the presence of 
acrocentric chromosomes and high chromosome numbers, 2n = 56—64. 
These chromosome numbers may be brought into correspondence with one 
another by the assumption that fusions of acrocentrics to metacentrics 
have appeared during evolution. The N. F. is 74—76. The other sub- 
orders of Urodela have only metacentrics, and the chromosome numbers 
vary from 22 to 28 (FANKHAUSER, 1938; WICKBOM, 1945; MATTHEY, 
1949, for literature). It is difficult to bring the karyotypes of the sub- 
orders Salamandroidea and Ambystomoidea into correspondence with 
those of Cryptobranchoidea. The present author (WICcKBOM, 1945) has 
suggested that a series of fusions and losses of small inert fragments 
may have played a role in the evolution of the more specialized sub- 


_ orders of Urodela, assuming that the group is of monophyletic origin. 


This view is also shared by MATTHEY (1949). 

Thus the centric fusions as »a method of chromosome evolution» 
are found in Urodelians as well as in Anurans. But the very different 
numbers of chromosome arms, the N. F.’s, of the most primitive sub- 
order of Urodela, Cryptobranchoidea, and those of the more advanced 
suborders indicate that some other mechanism must be at work, a 
mechanism which is almost without analogy in Anurans. Perhaps the 
six »extra» microchromosomes in Ascaphus indicate that similar number- 
reducing mechanisms might have operated earlier in the evolution of 
Anura. In one single species, the very specialized South American Pipa 
pipa, the N. F. is reduced in a manner similar to that in most Urodelians 
(WicKBoM, 1950). Of course this difference between Anura and Urodela 
is not greater than that between primitive and more advanced Urodela, 
but the chromosome morphology and the nuclear size, etc. are quite 
different in Anura and Urodela (cf. WICKBOM, 1945). Furthermore, the 
differentiation into macro- and microchromosomes so typical for Anura 
and Reptilia is not found in Urodela. The present author therefore finds 
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it impossible to suppose a close cytologic connection between Anura and 
Urodela. Urodela instead show an astonishing close similarity to Dipnoi 
(WicKBoM, 1945). 

All modern writers agree on the point that Anura have nothing to 
do with Dipnoi but are descendants of Labyrinthodonts. Two main 
opinions have been put forward concerning the connection between 
Anura and Urodela. According to the older one, Anura and Urodela are 
two branches of the same evolutionary tree; according to the other, 
Urodela has an origin different from that of Anura. They might possibly 
have descended from Dipnoi (see WicKBoM, 1945, for literature). 

In his earlier paper (WicKBoM, 1945) the author has pointed out 
that the great similarity in nuclear size, chromosome number and 
morphology, etc. between Dipnoi and Cryptobranchoidea are facts which 
strongly corroborate the opinion that there is a real phylogenetical 
connection between Urodela and Dipnoi. 

Thus, even if the six »supernumerary» microchromosomes of 
Ascaphus are not »supernumeraries» but remnants from ancestors with 
higher N.F., this does not make the derivation of the Anuran and 
Urodelian chromosome sets from an ancestor common to these groups 
but not related to Dipnoi much more credible. Cytologically, Urodela 
and Dipnoi show such similarities that the phylogenetical connection 
between these two groups seems quite clear. If there is a relation be- 
tween the Dipnoan-Urodelian and the Anuran-Reptilian stems, the 
connecting ancestors must be sought among still more remote forms, 
possibly old Crossopterygians. Perhaps a cytological investigation of 
Latimeria might throw some light upon this problem. 

The view concerning the relationships between Anura and Urodela 
based upon cytological facts which is set forth here conflicts with that 
recently published by PusEy (1943), founded upon an investigation of 
the larval cranium of Ascaphus. PUSEY comes to the conclusion that 
Ascaphus shows so great similarities with Salamandra that there must 
have been »an ancestral Amphibian plan which led on to the frogs and 
Urodeles» (PuSEy, op. cit., p. 178). 

PusEY, however does not take into consideration the anatomy of 
the fossil forms neither Labyrinthodonts, Crossopterygians or Dipnoans. 
Many of the similarities between Salamandra and Ascaphus pointed out 
by him are features common for most primitive Tetrapoda and other 
descendants of Crossopterygii. 

The close cytological agreement between Urodela and Dipnoi, how- 
ever, cannot be a matter of chance. As it is impossible to believe in a 
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closer relationship between Anura and Dipnoi, the »group Amphibia» 
must be considered biphyletical at least. Urodela must be considered as 
descendants of Dipnoi or near relatives to that group, while the ancestors 
of Anura must be sought among Labyrinthodonta. Reptiles belong to the 
Labyrinthodonta-Anura evolutionary line. 


SUMMARY. 


(1) Ascaphus truei has 42 chromosomes. Twelve are large and 
metacentric, thirty small and acrocentric. 

(2) No heterochromosomes are found in the male Ascaphus. 

(3) The chromosome set of Anura is probably derived from a stem 
form with 48 acrocentric elements. 

(4) The ancestral set of Anura was probably differentiated into a 
group of 24 macro- and 24 microchromosomes. 

(5) The karyotypes of recent Anurans have originated from this 
ancient condition by fusions of acrocentrics to metacentrics. 

(6) The fusion is completed in all Anurans except Amphicoela and 
some Opistocoela where acrocentrics still remain. 

(7) As the division of the set into macro- and microchromosomes is 
found in all Anurans and most Reptilians, it is considered to have 
derived from ancestors common for these groups, i.e. it is a relic of 
- very old Tetrapod conditions. 

(8) As the number of chromosome arms is about 48 in all Anurans 
and Reptilians this number is considered to be the common old N. F. of 
these Tetrapods. 

(9) The Urodelians fall outside the Anuran-Reptilian evolutionary 
tree. They show instead great resemblances to Dipnoi. 

(10) The cytologic features common for Dipnoi, Urodela, Anura, 
and Reptilia might be explained by the derivation of all these groups 
from Crossopterygians. 


The present investigation and the translation of this paper into 
English were aided by a grant from the Swedish Natural Science 
Research Council. 
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THE EFFECTS OF ELECTRONS, POSI- 
TRONS AND @-PARTICLES IN PLANT 
DEVELOPMENT 


BY A. GUSTAFSSON, L. EHRENBERG anp M. BRUNNBERG 


STOCKHOLM 





INTRODUCTION. 


[* a previous publication by two of the present writers, in co-operation 
with Messrs. THOMPSON and Mac Key (v. THOMPSON et al., 1950), we 
tried to demonstrate that radioactive phosphorus (P32) differs from 
X-rays with regard to its mutagenic action. This difference apparently 
depends on the concentrating of the isotope, and hence the radiation, to 
those parts of the plant characterized by an intense meristematic 
activity and ultimately giving rise to the reproductive cells. 

The large number of radioactive isotopes now available makes it 
possible to vary (1) the uptake and distribution of the radioactive source 
(determined by the chemical nature of the isotope used), (2) the ioniz- 
ation density and mean range of the radiation (determined by its energy 
and nature, whether a, f or y), and (3) the period of time during which 
the irradiation is working (determined by the half-life of the isotope 
and the rate of its exudation). 

The present investigation was planned to elucidate the mutagenic 
effects of electron-emitting phosphorus, P32, and sulfur, $35, positron- 
and y-emitting sodium, Na22, and the a-particle emitting radon, Rn222, 
and polonium, Po210. The material consisted of medium-sized seeds of 
the Bonus strain of two-row barley. This is a high-yielding strain used 
as standard material in mutation experiments at Sval6f. In some in- 
stances the so-called Allium test was applied (LEVAN, 1949). The phos- 
phorus and sulfur isotopes were obtained from the Atomic Energy 
Research Establishment, Harwell, the polonium from the Radiochemical 
Centre, Amersham, the sodium isotope from the Department of Ter- 
restrial Magnetism, Carnegie Institution of Washington, and the radon 
from the Radiophysics Institute, Stockholm. 

The effects which are specially discussed in this paper concern 
seedling lethality, plant growth, number of induced chromosomal aber- 
rations, and, in addition, the uptake of the radioactive isotopes, as well 
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after their application. 


THE ISOTOPES AND THEIR DETERMINATION. 


Some significant properties of the applied isotopes are shown in 
Table 1. 


TABLE 1. 


as their transport and distribution within the plant at distinct intervals 


Properties of the isotopes used. 











| 
| 
| 


Maxi Mea 
Nature of | mananeadggers “ = meanener-| density at Half-life 
: i energy of | energy of ; z A 
Isotope ionizing pavtieke eaaticde gy particle | mean energy | of isotope 
particles : ; (u of (ion pairs/u (days) 
(Mev) (Mev) s c ‘ . 
tissue) of tissue) 
P32 B 1,72 * 0,70 7 2600 ® 8° 14,33 
$35 B 0,107 3 0,033 ° 208 3 Mad Si * 
Na22 pe 0,58 3 0,23 7 520 § 14° 1100? 
and electrons 
| from absorp- 
tion of y (1,3 
Mev ® and 
annihilation 
quanta *) 
Po210 a 5,298 3 39 5 4500 * 140° | 
Rn222 a 5,ase ® Equal 415 3,8? | 
RaA a 5,908 * =| | to maxi- 475 
‘Rn 2\(= Po218) mum 3700 * 
RaC' | a 7,680 energy 715 
(= Po214)) 
For comparison: 
X-rays electrons 100 * 
fast neutrons |__ protons 300—400+ 





| Range of 


Average ion 








1 Evans (1948). — ? Cf. text, p. 423. — 


ion pair produced (cf. Evans, I. c., p. 157). 


If we consider the ion densities, it is clear that for effects produced 
by single ionizations the a-rays and the protons will be much less effec- 
tive per energy unit than the electrons, especially the far-reaching elec- 
trons of phosphorus. In addition, the considerable mean range of 
the latter makes a great deal of the ionization fall outside the object, 


3 HEvEsy (1948). — * Gray (1947, p. 13). 
— 5 LEA (1946, p. 25). — ® HENRIQUES et al. (1946). — 7 MARINELLI e¢ al. (1947). — 
8 GLENDENIN (1948). -— ® Caled. with the assumption of an energy loss of 32,5 ev per 
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and then specially the last part of the ray, where the ion density is at 
its greatest. 

Effects, for which the production of a cluster of several ion pairs is 
required, will on the contrary be more common with the higher ion 
densities. In this respect S35 should be more effective than P32. 

Rather localized effects would be expected from the action of sulfur 
35 and the a-radiators, the particle ranges of which are of about the 
same length as the cell diameter. 

Because of the high energy of the y-rays of Na22, their biological 
effects will be negligible. The two annihilation y quanta are produced 
at the end of the positron path, where the positron combines with an 
atomic electron. The rest energy of these two electrons is converted 
to electromagnetic energy, consisting of two opposite-directed quanta, 
each of the energy m,c* = 0,51 Mev. 

The non-gaseous isotopes were given to dry and presoaked seeds 
according to the method described by EHRENBERG et al. (1949, p. 479). 
As a rule they were given without carrier. The S35 solutions, obtained 
as H.SO,, were contaminated by some HCl (up to 0,001 mol per liter). 
The pH usually was 6—7. 

Three methods were used in order to measure the amounts of iso- 
topes absorbed: 

(1) Chemicai analysis with particle-counting of different parts of 
the plant, as described in the paper cited. 

(2) Macro-autoradiographing. The plants were cleaned and dried 
between blotter papers. When sufficiently dry they were pressed against 
X-ray films (Ilford’s Red Seal) for 48 hours. The films were protected 
from direct contact by 1,8 mg/cm’ of silk paper. Development took place 
under carefully controlled conditions. Generally it lasted for 60 seconds. 
The time of fixing was 10 minutes. Ilford’s developer I. D. 42 and 
chrome alum quick-fixing salts were used. 

(3) Micro-autoradiographing. This method was specially tried in 
the case of P32, S35 and Po210. The fixed material (root tips of barley 
and Allium) were cut into sections of 5—10—15 wu in thickness. The 
slides were covered with Ilford’s nuclear research emulsions (electron 
sensitive G. 5 or a-sensitive C. 2) in 50-—100 wu thick layers. After devel- 
opment the tracks caused by the radioisotopes were studied under the 
microscope. We have tried to locate the starting-point of the tracks. 
With this method it would be possible, after a statistical analysis, to 
measure the distribution of certain isotopes also within the cells. 

The basic method in the determination of P32 was that described 
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by EHRENBERG et al. (loc. cit.). As rather large quantities far beyond the 
sensitivity of the Geiger-Miiller counter had to be determined, the 
measurements were carried out directly on the oxidized solution, the 
precipitation process thus being omitted, the analyses, however, being 
as reliable and much more rapid. Stainless steel cuvettes of the type 
described by ZERAHN (1948) and covered with small glasses were used. 
The sample holder was constructed in such a way that measure- 
ments could be made alternatingly using cuvettes, aluminium dishes or 
metal plates (in the case of polonium determination). 

The weak radiation of S35 is absorbed to such an extent that sur- 
face phenomena will influence the measurements on liquids (ANIANSSON 
and LAMM, 1950). For this reason we preferred dry preparations. The 
sulfur of the material was oxidized to sulfate in HNO;—-HCI1O, mixtures. 
After the addition of a standard amount of Na,SO, the sulfate was pre- 
cipitated by benzidine according to HENRIQUES et al. (1946). The ben- 
zidine sulfate gives a smoother and less absorbent precipitate than does 
BaSQ,. Counter tubes with thin windows must be used. Our measure- 
ments were performed with a GMT 83 from General Electrics with a 
mica window of 1,6 mg/cm’. 

The material containing sodium 22 was treated in a manner similar 
to that of P32 when determined in liquid. As a thin-walled counter tube 
was used, the counts were entirely due to the positrons emitted. 

For the experiments involving radon a special method had to be 
worked out. Dry seeds, or seeds presoaked in water for 24 hours, were 
placed in glass tubes of 7 mm inner diameter. Each glass tube was of 
such a length that half of it was occupied by the seeds (fifty in number). 
Two tubes were connected with a vacuum rubber-tubing containing an 
ampule with a known amount of Rn. After crushing the ampule the 
tubes were shut by means of clamps and the tubing was cut off between 
them. The tubes were opened after 72 hours and most of the seeds sown 
under standard conditions as described by EHRENBERG et al. (I. c., p. 
470). Some, however, were germinated in petri dishes with tap water 
for fixation and autoradiographing. 

The measurements of activity were performed 23 and 71 hours after 
the onset of experiments. The activities were compared with those of a 
standard radium preparation and determined on the entire glass tube, 
as well as on the seed half and the gas half. After the opening of the 
tubes, the activity of the separated seeds was determined. It was found 
regularly to be one-third of the total activity. Since the seeds occupied 
circa 70 per cent of the seed half of the tube, i. e. 35 per cent of the total 
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volume, the partition coefficient of radon between seeds and air is 
approximately 1:1. According to our measurements, the partition of 
radon is complete after less than 23 hours, probably already after a 
few hours. 

The doses of radon are given as uC/seed at the beginning of an 
experiment. One microcurie of radon gives rise to a considerable amount 
of radiation energy, compared with one uC of f-radiating P32. Radon 
222 has a half-life of 3,3 days. After five rapid decay steps, three of 
which involve a-radiation, it reaches the relatively stable lead 210 
(radium D), having a half-life of 22 years. The sum of the a-ray energies 
(19,16: Mev) predominates. The ionizations caused by the f- (and y-) 
rays are less than five per cent of the total amount (LEA, 1946, p. 18). 

Some preliminary experiments with polonium as a-source were 
performed. Polonium, or radium F, is the last member of the uranium 
series and decays by a-rays to stable lead 206, or radium 2’. Because of 
the acidic properties of the most stable valency, the Po*+ ion, pure Po** 
salts will hydrolyze and precipitate in neutral solutions (HAISSINSKY, 
1936). The Po of such more or less colloidal solutions penetrates only 
the outermost part af the plants growing in them (cf. VILLARS, 1939). 
For this reason it is necessary to dissolve Po as a complex (GUILLOT, 
1931; BONET-MauRy, 1938; cf. HAISSINSKY, loc. cit.), which is more 
stable than the presumptive complexes between the Po** and the pro- 
teins and other compounds of the organism to be irradiated. (Notice 
the fact that the absorption of plutonium as Pu* from the gastro- 
intestinal tract is increased 30 times in the presence of citrate; CARRIT 
et al., 1947.) 

The penetration of Po(NO;), into barley and onion roots was deter- 
mined through Geiger-Miiller measurements or counts of the tracks in 
micro-autoradiographs (cf. Fig. 27). Different substances, known to form 
complexes with metal ions, were added in a concentration (1/60 mol/l), 
which was found in preliminary experiments not to harm the plants. Of 
all acids the sodium salt was used. The pH of the solutions was restored 
to 6,5. The Po-uptake was facilitated by the added substances in the 
decreasing order: tartrate, nitrate > citrate > glycerol > water alone. 

For analysis the material was decomposed with HNO, + H.SO,. 
The Po was precipitated on rotating pure Ag-plates at 50° C. in acid 
medium (0,;5—1 N HCl) (cf. Curt and JoLior, 1931; CuRIE, 1925). The 
tube GMT 83 was thin-windowed enough for counting the short-reaching 
a-particles (cf. Table 1). 
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THE UPTAKE OF ISOTOPE MATERIAL. 


When dry seeds of barley are set to germinate for three or four days 
in isotope solutions of P32 and S35 as phosphate and sulfate respectively, 
phosphorus is the substance most easily absorbed. In weak solutions, 
with 1 C/seed or less, the average phosphorus absorption may surpass 
90 per cent. With sulfur 35, however, this is rarely the case. The uptake 
is influenced by a series of exterior conditions. One important feature 
is the developmental stage of the treated tissue or organ. Fast-germinat- 
ing seeds absorb much more isotope material than slow-germinating 
ones of the same portion. One of our first experiments (from Decem- 
ber 1, 1949) may illustrate this. 


Material Dose Absorption after four days 
P 32 S 35 

Germinated seeds. ...... 0,1 uC/seed 245 % 70 % 
» P| acer. 1,0 » 225 17 
»  * Beowee 19,0 » 177 26 
Ungerminated seeds .... 0,1 » 35 13 
» » on 1,0 » 18 6 
» » see SD » 24 1 


Strain used: Bonus barley, medium sized seeds. In each analysis three seeds. 


This experiment, which is confirmed by other analyses, indicates, 
firstly, that the stronger the radioactive solution the poorer is the uptake 
of isotopes, secondly, that sulfur is less easily absorbed than phosphorus, 
and, thirdly, that the advanced seeds get the advantage of the retarded 
ones. In many cases and especially in weak solutions the first-develop- 
ing seedlings obtain more than their actual share; with phosphorus 32 
in the experiment just cited approximately twice as much. The seeds 
which begin development first impoverish the phosphorus solution. 

The fact that absorption takes place in such a haphazard way, lead- 
ing on one hand to seedlings saturated with radioactive material, on 
the other hand to seedlings showing but a scant radioactivity, easily 
gives rise to errors of sampling. With a treatment of 0,1 “C of P32 per 
seed the analysed advanced seeds contained 0,215 uC as against 0,035 for 
the retarded ones, i.e. seven times as much. With 10 “C of S35 the 
germinated seeds showed 2,6 uC, the less advanced seeds, on the contrary, 
no more than 0,11 uC, i. e. twenty-five times less. 

In order to find out the best conditions in field work using radio- 
isotopes we examined the effect of a soaking of the seeds previous to 
the treatment with phosphorus 32 and sulfur 35. In an experiment of 
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January 23, 1950, presoaked and dry seeds of Bonus barley (sieve size 
2,5mm) were given three different concentrations of P32, S35 and Na22. 
The pH was 6 with phosphorus, 7 with sulfur and sodium. Table 2 
gives the results. 

The table shows a series of interesting results. Refraining from dis- 
cussing all details, we first want to confirm the results of the previous 
discussion, viz. that advanced seeds and seedlings absorb more isotope 
material than the retarded ones. This holds true for phosphorus and 
sulfur, as well as for sodium. In addition, it holds both for presoaked 
and dry seeds. In the case of presoaking there is a very wide amplitude 
in isotope uptake. Consider, for instance, the first four figures of the 
table. The well advanced presoaked seed given 0,1 wC of P32 (in a por- 
tion of 30 seeds) has taken up between two and three times the amount 
given, the less advanced seed no more than a quarter. The proportion 
of phosphorus content is as 10 : 1. In the case of dormant seeds the cor- 
responding proportion is less than 4:1 (actually 0,119 uC as against 
0,031). This result is valid for all concentrations of phosphorus 32 and 
the low ones of sulfur 35. With sodium 22 it is less evident, partially 
no doubt owing to errors in sampling. With 10 uC/seed it is conspicuous, 
however. 

Seeds which have not germinated even after three days of water 
absorption contain approximately similar amounts of radioactive ma- 
terial whether they are presoaked or not. Since the final germination of 
the barley strain used approaches 100 per cent, it indicates that the 
uptake of isotopes is largely an active process, also in the case of sodium. 
By picking out the well advanced seeds of a presoaked sample the 
haphazard mode of radioactive absorption may be counteracted and, 
what is especially important in the case of sulfur, the seeds used may 
be chosen among those containing rather large amounts of the isotope. 
This implies a method of uniforming the first field generation and 
securing the mutation work. 

In an experiment of March 21, 1950, we examined the effect of a 
presoaking on the uptake and distribution of isotopes (Table 3). Phos- 
phorus and sodium were given in amounts up to 20 “C/seed, sulfur in 
doses up to 125 wC/seed. The pH was 6—7. Roots of germinated seeds 
showed tumour formation in the phosphorus and sodium treatments 
(cf. EHRENBERG et al., I. c., p. 472), but no tumours were observed with 
sulfur, even in the highest concentration applied. 

Some results call for discussion. First phosphorus: The fast-devel- 
oping seeds show an enormous uptake of P32 compared with the slow 
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ones. The phosphorus uptake, here too, may exceed the amount given 
per seed. In contrast to the results gained after a treatment of dry seeds 
(EHRENBERG et al., l.c., p. 475) the presoaked seeds absorb approxim- 
ately equal amounts of phosphorus, irrespective of the dose given 
(71—110—107—133 % or 21—38—22—18 %). The lethalizing effect of 
the radiation appears one week later. Then the plants possessing an 
original high amount of P32 have stopped to grow, they become stunted 
and produce root tumours. Such is the case with doses of 8 and 20 uC/ 
seed. The seedlings that start their development first certainly obtain 
high amounts of P32 but in consequence they suffer considerably, more 
so than their droning companions. 

With sodium 22 this result is repeated. After three days there are 
high isotope contents in the advanced seeds and seedlings, considerably 
less so in the retarded ones. After another week the advanced seeds give 
rise to dwarf plants, arrested in their development owing to functional 
disturbances. There is a marked decrease in isotope concentration; in 
fact, a mass excretion of radioactive material sets in, directly observable 
in autoradiographs (Figs. 17—18). 

With sulfur 35 the results appear somewhat confusing. The abso- 
lute uptake is less than with phosphorus and sodium, in no case exceed- 
ing 65 per cent. There is an evident decrease in absorption with higher 
dosages, from a mean of 33 per cent with 0,32 uC/seed to 21 and 12 per 
cent with 50 and 125 “C/seed. 

After another week sulfur 35 has disappeared to a rather large ex- 
tent. There is a slight tendency for the small plants of the highest con- 
centrations (20—125 wC/seed) to contain more radioactivity than the 
large ones. More conspicuous is the fact that sulfur disappears at least 
as rapidly with very high doses (50—125 uC/seed) as with low and 
medium-high doses (0,32—20 uC/seed). In the first two instances the loss 
of material is on an average 86 per cent, in the last-mentioned four cases 
it is no more than 70 per cent. This is contrary to the results obtained 
with P32 (cf. EHRENBERG et al., l. c., p. 476). 

In our previous work (loc. cit., p. 477) we stated that phosphorus 
32 was unequally distributed to different parts of the plant. One week 
after treatment the »seed remainder», i. e. seed-coat, endosperm, palea 
and lemma, contained a larger amount than leaf and root parts. This 
was so also after two weeks. (Wheat species which have uncovered 
caryopses partially behave in a different way.) Without entering into 
details we will confirm the statement here. Furthermore we would state 
that the seed remainder stores its phosphorus for a considerable time. 
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With sulfur 35 matters are different. One week after the end of treat- 
ment the green parts of the plant show on an average as much isotope 
material as the seed remainder and distinctly more than the roots. After 
two weeks the seed remainder does not contain more than circa one-half 
the amount of the green parts. Autoradiographs prove the correctness 
of the chemical analysis and, in addition, directly visualize the specific 
modes of absorption of P32 and S35. 

With regard to polonium, much cannot be said. It is interesting to 
note that contrary to P, S and Na the uptake of Po seems to be in- 
dependent of the rate of development of the seeds. This accords with 
the fact that Po, which is no normal constituent of the organism, is not 
absorbed actively. From dilute solutions of the tartrate complex of Po*~ 
(circa 0,1 uC per seed) most of the Po (50—100 %) gets absorbed in 
three to four days. To a great extent it is concentrated on the surface 
parts of the seeds, to which it continues to adhere during the growth of 
the plants (p. 435). Very slowly it leaves the plants. After one week’s 
growth about 60 per cent of the amount absorbed is still left. 

For the absorption of radon by dry and germinating seeds, cf. pp. 
42223. The partition coefficient of radon between seeds and air is stated 
to be 1:1. This relationship indicates that a considerable portion of 
radon is dissolved in the lipidic parts of the seeds. The partition coef- 
ficient of radon between water and air is known to be only 1 : 4 at room 


‘temperature but is approximately 25:1 between lipids (olive oil) and 


air (see LAWRENCE et al., 1946, and the literature cited there). Incident- 
ally the last-mentioned authors found a relatively strong absorption of 
krypton in fat-containing tissues of mice. 


GROWTH EFFECTS. 


In a number of experiments, carried out under laboratory as well 
as field conditions, we have established the fact that doses of 10 uC; 
seed of P32 is highly lethalizing, preventing almost all seedlings from 
developing into mature plants (v. THOMPSON et al., 1950, Table 1). Here 
we wanted to compare the effects of P32, S35, Na22, as well as radon 
and polonium. 

In the following survey some recent resuits have been gathered 
concerning the first three isotopes. The measurements were performed 
about 14 days after the onset of experiments. Both dry and presoaked 
seeds were used. The two kinds of series are not separated in the table. 
The controls have been put as 100. 
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Amount absorbed 0 -—- 65 — 1 — 2 — 4 — 8 — 16 uC/seed 
P32 
Relative growth .......... 101,5 a 90,7 90,0 69,7 40,0 
ING MOF SBRIGS oer as oes 5 _- 3 i 3 2 
S35 
Relative growth .......... 97,8 88,0 92,0 80,6 a 59,0 
NG: OF SEEIGOR: c5..40.0 ese cs 11 1 2 1 -- 2 
Na22 
Relative growth .......... — 102,0 — — 72,0 78,0 
NOMGECSERIGS: eos esiege ss — 2 ae = 1 1 


With phosphorus 32 there is a slight stimulation of growth in the 
very low concentrations of absorption below 0,5 wC/seed. The difference 
from the control is insignificant. With higher dosages there is a gradual 
decrease of growth, finally leading to the arrested coleoptile stage. For 
high amounts of absorbed radioactive material P32 is more effective 
than $35 and this in its turn than Na22. 

In some laboratory experiments the effects of radon were similarly 
examined. The methods used for the treatments and measurements of 
dosage have been described on p. 422. With dry seeds dosages up to 
_1uC/seed are ineffective, dosages of 10 «C or more cause full lethality. 
Presoaked seeds are highly susceptible. Even dosages of 0,1 uC cause 
lethality (Figs. 28—29). 

Field experiments carried out in the spring of 1950 with P32, S35 
and Rn confirm the results given here. Even high concentrations of S35 
(up to 125 uC/seed with a ten per cent absorption) cause a weaker 
lethality and spike sterility than P32. The effect of small dosages of 
radon is remarkable, since they bring about a high survival of seeds 
and seedlings but lead to an extreme sterility of the mature plants. Radon 
consequently acts like fast neutrons and contrasts with X-rays (cf. 
GUSTAFSSON and Mac Key, 1948). Whether there occur distinct differ- 
ences between neutrons and radon in their mutagenic action, is now 


being investigated. 





Figs. 1—6. Autoradiographs after P32-treatments of barley seeds. — 1. 0,32 uC/seed, 

2. 1,6 uC/seed, 3. 8 uC/seed, 4. 20 uC/seed. Note the club-like root-tips, characteristic 

of this isotope. Illustrated by Figs. 1 b and 2b, in contrast to 1 a and 24, is the fact 

that those seeds that germinate first and develop rapidly absorb more phosphorus 

than the seeds germinating slowly. The latter, however, become less lethalized. — 
5—6. Another week after the treatment. 5. 1,6 wC/seed, 6. 8 uC/seed. 
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THE ANALYSIS OF AUTORADIOGRAPHS. 


Autoradiographing gives some valuable information about the in- 
take and distribution of the isotopes in the seeds, seedlings and growing 
plants. In connection with the photographs reproduced here (Figs. 
1—24) a short account will be given concerning the effects and distrib- 
utional patterns of P32, S35, Na22, Po, and Rn. In all instances the dried 
plants and seedlings were exposed to the films for 48 hours. 

P32. — This substance has been followed from its very early ap- 
pearance in the seed and seedling until its final disappearance in the 
mature plant. Even with the very weak dose of 0,32 wC/seed a conspicu- 
ous intake of radioactive material is noticeable. The large seedling 
(Fig. 1 b) shows a higher content of P32 than the small one (Fig. 1 a). 
This illustrates the behaviour stressed on p. 424 ff. that the seeds which 
germinate first absorb more than their actual share of isotope material, 
leaving a deficit to the more slowly developing seeds. This feature is 
also illustrated by Figs. 2a and b, showing the effects of 1,6 uC/seed. 
With very high doses, 8 and 20 “C/seed, growth is more or less arrested 
(Figs. 3—4). A conspicuous feature is the clublike swelling of the root 
tips, caused by the high concentration of radiophosphorus. With 1,6 «C/ 
seed this is especially evident. Another outstanding feature is the intense 
radioactivity of the seed part of the seedling (palea, lemma, seed-coat), 
present also 40 days after the end of treatment (Figs. 21—22). After 
fourteen days phosphorus 32 is still accumulating in the root tips 
(Fig. 5). Seventy days after the end of treatment no trace of P32 could 
be detected in the plant using 48 hours’ exposure. 


S35. — This isotope gives another pattern of distribution. First, 
there is no special concentration in the meristematic zones of the young 
seedlings, rather is the sulfur distributed equally, also to the mitotically 
inactive zones of stretching (Figs. 7—11). The seed parts (lemma, seed- 
coat, etc.) are in no way accumulating radioactivity as in the case of 
phosphorus 32. This possibly indicates that the sulfur absorbed is more 
easily transferred from the exterior to the interior parts of the plant. It 
is less stationary than phosphorus. This holds true also of the leaves. 
In several cases the sulfur gathers in the tips of the leaves some fourteen 
days after the beginning of experiments (Fig. 16). This is also seen in 
the dried field material. The autoradiographs cover most of the vegeta- 
tion period. Radioactivity is traceable in the organism for a considerable 
time, longer than for phosphorus. Even seventy days after the treatment 
leaves and stem parts show some radiosulfur. The spikes, too, which 
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Figs, 7—14. Autoradiographs showing effects of sulfur 35 (7—11) and sodium 22 
(12—14). — 7. 0,32 uC/seed, 8. 8 uC/seed, 9. 20 wC/seed, 10. 50 wC/seed, 11. 125 uC/ 
seed. 12. 0,32 uC/seed, 13. 8 wC/seed, 14. 20 uC/seed. Note the even distribution of 
sulfur throughout the roots. In Fig. 7 b, in contrast to Fig. 7 a, the fact pointed out 
with regard to phosphorus is shown that the quickest-germinating seeds absorb 
high amounts of the isotopes. With sodium 22 there is a conspicuous decrease in 
radioactive concentration from the base to the tip of the roots. 
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Figs. 15—18. Autoradiographs showing the distribution of sulfur 35 and sodium 22 

fourteen days after the treatments. — 15. 8 wC/seed, 16. 20 wC/seed of S35, 17. 1,6 uC/ 

seed, 18. 8 uC/seed of Na22. Note in Figs. 17—18 the intense exudation of sodium 
through the root-hairs. 


are at that time fully developed and have burst their sheaths, contain 
some S835. It also shows up in the awns. This contrast between P32 and 
S35 partly has its origin in the difference of their half-life times, 14 in- 
stead of 87 days. 

Na22, — This isotope is distributed in a peculiar fashion. It is 
easily absorbed by the germinating seed. In the beginning it concentrates 
in the seed parts but is rapidly transferred to coleoptile and first leaf. 
A remarkable phenomenon is the gradual decrease in strength of radio- 
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activity from the base to the tip of the roots (Figs. 12—14). This is also 
the case with the high dose of 20 microcuries per seed. After one more 
week the behaviour has changed entirely. A vivid transportation of 
isotope material now sets in. The first leaf still stands brightly against 
the laier leaves (Figs. 17 and 18). More than 60 per cent of the absorbed 
sodium has disappeared after fourteen days according to the chemical 
analyses. This indicates an active excretion of material. Autoradiographs 
disclose the actual happenings. The root protuberances, seen in Figs. 
17—18, are formed by groups of root-hairs intensely exudating their 
radioactive sodium. 

Po and Rn. — One single weak dose of polonium was applied in 
the experiments reported (ca. 0,1 uC/seed). This is absorbed to a very 
high extent but predominantly adheres to the exterior parts of the seed 
(the husks and the seed-coat). These are perfectly radiographed. The 
rest of the plants, roots and leaves, possess but small contents of radio- 
active material. With radon there is a similar pattern of intake and 
distribution. It concentrates in the seed and, singularly enough, the 
roots. 


CHROMOSOMAL EFFECTS. 


Two major kinds of chromosomal aberrations are found in ana- 
phase cells of barley roots following irradiation: (1) fragments lying 
. free in the spindle, (2) translocations involving the centromere regions, 
leading to two- and four-centromere formations causing bridges at ana- 
phase and telophase. The number of such aberrations affords a criterion 
of the radiation effect. EHRENBERG et al. (l.c.) disclosed the fact that 
the introduction of phosphorus 32 into germinating seeds brought about 
a high amount of chromosomal disturbances, almost exclusively con- 
sisting of fragments. Bridges did not appear until a later stage. This 
result has been corroborated by our colleague Mr. N. NYBOM in un- 
published studies, comparing the metaphase rearrangements caused by 
neutrons, X-rays, phosphorus 32 and sulfur 35. 

In experiments dealing with the five isotopes of P32, S35, Na22, 
Rn, and Po we found that the first-mentioned three substances led to a 
small number of bridges, on an average twelve per cent of all disturbed 
cells (Table 5). This is in marked contrast to radon, which in circa 40 
per cent of all disturbed cells gave one or more bridges. With X-rays 
FROIER, GELIN and GUSTAFSSON (1941) found in cereal species a fre- 
quency ranging from 32 up to 84 per cent, partially dependent on the 
rate of polyploidy and the dosage used. Although the bridges, when 

Hereditas XXXVI. 29 
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TABLE 4. Cells with fragments and bridges after polonium treatment 
(ca. 0,2 uC/30 ml; Allium roots). 


After 47 hours After 72 howrs 
Psion No.of | No.of No. of No. of No. of No. of 
i cells disturbed cells with cells disturbed cells with 
a ea nd studied cells bridges studied cells bridges 
Na-nitrate ........... 102 15 0 122 30—31 5—-6 
Na-tartrate .......... 177 19 3 72 5 0 
Na-citrate ......... ‘ 135 6—8 2—3 159 31 4 
GIVCETO? 662 oss. os ses 131 8 0 227 27 1 
Pure water ......... 286 9 0 152 7 0 


TABLE 5. Bridge-formation in root anaphases of barley. 


Isotope No. of cells studied No. of disturbed cells No. of cells with bridges 
Pee? Gis ecsseie's 612 84 10 = 11,9 % 
HDS eins eos 2132 68 7= 10,3 % 
DNR o rs 06-5 30's 994 45 7 = 13,3 % 
NS Ss ae 72 12 — 
ne 107 13 5 = 38,5 % 


P32 is used, increase in number after some time, the contrast between 

the a- and #-emitting isotopes may turn out to be of some importance 

for the course of the mutation process, especially with regard to the 
. mutual proportion of deficiencies and translocations. 

When applying polonium to seeds of barley in the standard manner 
we certainly found no bridges. The number of roots and anaphases 
studied was inconsiderable, however. Allium roots, growing in various 
solutions containing polonium, showed in some instances a high pro- 
portion of bridges (up to 33 per cent; Table 4). Thus the a-emitting 
polonium may behave like radon, although its effects are obscured by 
some unknown external influences. 

Results obtained with polonium in the Allium test furthermore in- 
dicate that distinct chemicals may influence the origin of translocations. 
Various salts were added to the radioactive polonium solution, viz. so- 
dium nitrate, citrate and tartrate in concentrations of 1/60 mol/liter, 





Figs. 19—24. Autoradiographs showing the distribution of P32 and S35 several weeks 

after the treatments. — 19—20. P32: 0,625 uwC/seed, 25 days after the treatment; 

21—22. P32: 7,50 uC/seed, 40 days after the treatments. 23—24. S35: 50 uC/seed, 25 

days after the treatments. Note the small amount of radioisotopes in the well-devel- 

oped plantlets. Phosphorus, in contrast to sulfur, still adheres to the seed-coat and 

husks in considerable quantities after 40 days. The miscolouring in the middle of 
Fig. 23 owes its origin to an underlying seed containing phosphorus 32. 
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28 29 
Figs. 25—27. Micro-autoradiograpkhs showing effects of isotopes in barley roots. — 
25. P32 is concentrated to the zone of extreme division activity. 26. $35 is distributed 
equally over the root-tip. 27. Polonium, given to growing roots of barley for 48 hours 
in nitrate solution, is specially localized to the exterior parts. — Figs. 28—29. The 
influence of radon on seeds of barley. Two rows of each treatment. 28. From left to 
right: presoaked control seeds; dormant control seeds; radon, dry seeds, 0,8 uC/seced; 
0,4 uC/seed; 11 uwC/seed. 29. From left to right: Dry control seeds; presoaked control 
seeds; radon, presoaked seeds, 0,1 uC/seed; 0,8 uC/seed. 


likewise glycerol. Pure polonium nitrate solution functioned as control. 
By counting the number of a-tracks in emulsions of sectioned material 
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(p. 421) we found the order to penetration to be tartrate > citrate = 
= nitrate > water = glycerol, with due reservation for errors of sampl- 
ing. The number of disturbances ran in the order nitrate > citrate > 
> tartrate = glycerol > water, i.e. in a similar fashion. This implies 
that in accordance with the uptake the more stable Po-complexes are 
superior in producing chromosomal aberrations. 

Parallel with the increase in percentage of disturbed cells there is 
a considerable rise in the frequency of bridges. Water and glycerol 
solutions of polonium nitrate produced 51 cells with fragments, but just 
one single bridge was discovered. On the contrary, of 106 aberrant 
anaphases in the case of organic acid solution at least fourteen con- 
tained bridges (Table 4). We are fully aware of the scantiness of the 
material studied but venture the tentative suggestion that the number 
of translocations leading to two-centromere formations is influenced 
not only by the character of the radioactive source (a, /, y or X-rays) 


TABLE 6. Chromosome disturbances after treatments with 
radio-isotopes. 


(Experiment of March 20, 1950.) 














Isotope Kind of ; Dose Disturbed No. of 
seeds Applied Absorbed anaphases bridges 

P32 Presoaked 0,32 “C/seed 0,15 uC 5/164 — 3,7% 1 
> » 1,6 » 1,18 >» 8/19 — 421% 0 
> > 8 » 5,19» No divisions _— 
» > 20 » 15,08 » » » —_ 
$35 » 0,32 =» 0,11 » 2/999 — 20% 0 
» » 1,6 » 0,51 » 1/129 = 0,8 GY 0 

» » 8 » 1,92 » 7/27 — 25.9% 0 
» » 20 » 3,44 » 12/17 = 76,4 % 1 
» » 50 > 10,17 » No divisions _ 
» » 125 » 14,50 » » » ne 
Na22 » 0,32 » 0,56 » 3/111 — 2.7% 1 
» » 8 » 7,00 » 6/84 = at % 0 

> » 20 » 11,94 » 4/20 — 20,0 % 0 
Po » ca. 0,1 » ca.0,1 > 12/72 —16,7% 0 
Rn » Three 0,1 >» No divisions _- 
» » times as 0,8 >» » » a 
> Dormant much as 0,5 » 4/55 —= 73% 2 
> » in column 0,8 > 9/52 —17,3% 3 


> > 4 (v. p. 422) 11,0 » No divisions _- 
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but also by chemicals which themselves — as far as is known — are 
ineffective in causing chromosome breaks and rearrangements. 

The amount of disturbances in seed treatments varies considerably. 
This is caused by differences in temperature, pH, added carriers, etc., 
influencing the actual intake of isotopes or changing their effects. In 
Table 6 the results of one experimental series are given, including all 
five isotopes tested simultaneously. 

Of the three isotopes P32, S35 and Na22, the first-mentioned one 
has the most severe effect. Even with the applied and absorbed dose of 
1 microcurie per presoaked seed circa 40 per cent of all cells contain 
fragments. When sulfur is used as the radioactive source, this happens 
with doses of more than 8 applied and 2 absorbed microcuries per seed. 
With sodium 22 even 20 applied and 12 absorbed microcuries per seed 
do not produce more than twenty per cent disturbed cells. The inhibition 
of mitotic activity indicates a high radioactive effect. In the case of P32 
it is complete with 8 applied and 5 absorbed microcuries, in the case 
of S35 with 50 applied and 10 absorbed microcuries, but no total arrest 
of mitosis was found with the doses of Na22 used (up to 20 uC/seed). 

This difference in effect is caused by several co-operating factors. 
The essential point, according to our opinion, is that the isotopes are 
not equally concentrated in the meristematic or cell-diving tissue. The 
autoradiographs clearly demonstrate that phosphorus is apt to get 
localized in the zones having a pronounced mitotic activity. Sulfur is 
more evenly distributed over the entire roots. It is abundant in the 
stretching zone, too. This contrast is also evidenced by micro-auto- 
radiographs of dividing root tips (Figs. 25—27). Sodium 22, a few days 
after the beginning of the treatment, concentrates in the seed-coat, the 
endosperm and adjoining tissues but is not found in the extreme parts 
of the root tips. 

The a-emitting substances polonium and radon induce a high 
amount of disturbances. The dose of circa 0,1 uC of polonium per seed 
causes 17 per cent disturbed cells. Radon produces in dry seeds, three 
days after the onset of germination, 7 per cent disturbances with 0,5 micro- 
curies per seed and 17 per cent disturbances with 0,8 microcuries. In 
presoaked seed material the mitotic activity is entirely abolished with 
0,1 and 0,8 microcurie three days after the treatment. Consequently these 
two substances are much more effective than the three other isotopes 
tested, if we consider equal amounts of microcuries absorbed. This fact 
is no doubt a consequence of the great difference between the mean 
energies of the actual f- and a-particles (Table 1). 
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SUMMARY AND CONCLUSIONS. 


The combined biochemical and photographical work has indicated 
a series of marked differences in the action of the radioisotopes used. 

Phosphorus, being a pre-requisite for all mitotic activity through 
its partaking in nucleic acid formation, is easily absorbed by the orga- 
nism and immediately concentrates in the meristematic zones. Its use 
in mutation work has been analysed by several workers. THOMPSON 
et al. (1950) found this isotope characterized by distinct effects. Com- 
pared with X-ray irradiation and its action on presoaked seed material 
it produces a higher number of surviving plants, but these become more 
sterile. In these two respects P32 is intermediate between X-rays and 
neutrons. 

Sulfur, being a constituent of most proteins, is distributed in the 
growing plant entirely differently. It certainly occurs in the meristem- 
atic zones but is abundant in the stretching zones, too, where phos- 
phorus 32 is more or less missing. It is less easily absorbed than phos- 
phorus but, on the other hand, moves more freely in the plant. Auto- 
radiographing has shown it to persist up to seventy days after the 
treatment of the seeds. It is then also found in different parts of the 
spikes. The analyses of spike fertility and mutation rates are not yet 
ready for publication. Hence we shall confine ourselves to state that 


_ the spike fertility is much less upset than with P32. 


Radon, almost exclusively working through its a-particles, is pri- 
marily absorbed by the exterior parts of the seeds but, what is an in- 
teresting fact, by the roots too. Its effect resembles that of fast neutrons 
on dormant seeds. In certain concentrations it induces a profound spike 
sterility. The number of surviving plants is still reasonably high. Such 
chromosome rearrangements as are caused by two or several hits will 
accumulate as a consequence of its action and, no doubt, arise in great 
excess compared with the one-hit events. 

Sodium 22, which is not yet being produced in the pile, provides 
a series of interesting features. It is easily absorbed by germinating 
seeds but, being no obligate consitutent of the working organism, is 
easily eliminated again. It is less effective in chromosome fragmentation 
and growth inhibition than are phosphorus 32 and sulfur 35. In contrast 
to the last-mentioned isotope it produces typical root-tumours. 

Although polonium was tested to an inconsiderable extent, it is no 
doubt distributed in a way different to the electron-releasing isotopes. 
As a pure Po** salt it concentrates in the exterior parts of the seeds or 
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roots (in the Allium test). With the addition of compounds apt to com- 
plex formation it has been forced to enter the interior parts more readily. 


The chromosome work has shown all isotopes to be highly effective 
both with regard to chromosome fragmentation and the inhibition of 
mitotis. Especially high rates of chromosome disturbances are produced 
in presoaked material, more so than in dormant seeds. Most interesting 
are the contrasting effects of radon on one hand and P32, S35, and Na22 
on the other. The latter three substances produce but a few two-centro- 
mere formations (anaphase bridges), at most 10—12 per cent. Radon, 
on the contrary, gives rise to three or four times as many. This fact 
may, as pointed out on p. 435, be of some significance for the mutual 
relationship of deficiencies and translocations induced by radio-isotopes. 
There is, in addition, some indication that the nature of the added sub- 
stances (sodium salts of organic acids) increase the efficiency of polo- 
nium in the production of anaphase bridges. 


The biochemical analyses, too, give some results of value to the 
continued field work: (1) In a treated seed sample those seeds accumu- 
late isotope material which begin their germination first, if the isotope 
in question is absorbed actively (P, S, Na). On the contrary, the uptake 
of isotopes which are not absorbed actively (Po, Rn) does not display 
such a dependence. (2) Those seeds which in the case of P32, S35 and 
Na22 have started their development first, and consequently take up 
most of the isotope material, are often more arrested in their later 
growth than the initially slow-developing seeds. (3) In the case of high 
concentrations of P32 the active ion exchange is disturbed (c/. EHREN- 
BERG et al., l. c., p. 476), causing a slow disappearance of the isotope. 
This effect has so far not been obtained with S35 and Na22, probably 
owing to differences of particle energies and isotope distribution. (4) A 
soaking of the seeds previous to the treatments facilitates the uptake of 
radioisotopes, especially of sulfur 35. The field work applying this iso- 
tope will therefore be more uniform if the first-germinating seeds are 
exclusively picked out for planting. We suggest that the treated seed 
samples of high doses be divided into two parts, one consisting of the 
advanced seeds and seedlings, the other of the retarded, ungerminated 
seeds. 


This brief sketch proves, we consider, that the five isotopes used 
by us act in specific manners. To a certain extent this specificity owes 
its origin to the differences in absorption and distribution established 
here and may, after a thorough quantitative analysis, also be related to 




















THE EFFECTS OF ELECTRONS 443 





physical differences between the radiations (energy, ion density, mean 
range, half-life), as illustrated in Table 1. 


The authors wish to tender their sincere thanks to Professor 
PuHILip H. ABELSON, Washington, D. C., for the generous sending of 
sodium 22. One of the authors (EHRENBERG) recently discussed some 
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Maury and M. HaissInsky, Paris, and of autoradiographing with Mr. 
C. WALLER of the Ilford Ltd. Our thanks are due to these gentle- 
men for valuable unpublished information. The costs of the experiments 
have been defrayed by grants made by the KNUT and ALICE WALLEN- 
BERG Foundation and the State Research Council of Natural Sciences, 
Stockholm. The biochemical work has been carried out at the Institute 
of Organic Chemistry and Biochemistry of Stockholm University (Di- 
rector: Professor K. MYRBACR). 
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I. INTRODUCTION. 


 Sleseeeonlan were undertaken on the effects of x-ray irradiation 
of wild type males of Drosophila melanogaster, either when fresh- 
ly hatched or a week later followed by mating them to y w sn females, 
either immediately after irradiation or a week later. The results of 
these experiments with regard to production of gynandromorphs will! 
be published separately. It was, however, found that larger progenies 
were obtained when freshly hatched males were irradiated and mated 
immediately thereafter than in any of the other cases. It therefore seem- 
ed of interest to study the causes underlying the hatchability of eggs 
laid after similar kinds of treatment. The present paper contains a 
description of these studies. 

Acknowledgments. — The authors are very much indebted to Pro- 
fessor R. SIEVERT and Dr. A. FORSBERG of the Radiophysical Institute 
for their courtesy in facilitating the irradiation work; and to Professor 
T. CASPERSSON for his very great kindness in still housing the Institute 
of Genetics within his laboratories. 


II. MATERIAL AND METHODS. 


All cultures, experimental and stocks, were kept in incubator at 
25 + 1° C. All females used were y w sn and all males were wild type. 
Irradiations were made at the Radiophysical Institute by using a Sie- 
mens Stabilivolt apparatus of 155 kilovolts with 1 mm Al. The same 
dose, about 2900 r, was given in all irradiation series. At mating the age 
of the females was limited to a maximum of three days. That of the 
males was different in different experimental series and will be given 
in the descriptions of the experiments. Matings were made in containers 
consisting of ordinary glass preserving jars to which were attached 
Petri dishes with heavily yeasted and blackened agar food. The ether- 
ized flies which were to be mated, usually 250—300 females and an 











446 G. BONNIER AND K. G. LUNING 








equal number of males, were poured into the empty jar, after which 
the food-containing Petri dish was put into its place. The jar was then 
left in the incubator for 24 hours, the dish was removed, and another 
dish with fresh food inserted. By this means the same lot of flies could 
be kept for several 24-hour egg-laying periods. In a few series there was 
only one such period, usually there were at least three periods, and in 
many series many more. 

When a Petri dish was removed from the container it was covered 
with a glass plate and put into the incubator for another 28 hours to 
make sure that all hatchable eggs should have hatched. Immediately 
after that the number of unhatched eggs as well as the number of 
empty shells was counted under a dissecting microscope at a magnific- 
ation of about 25 X. In this connection the blackened agar plate was 
removed from the Petri dish and cut into a number of narrow slices to 
ensure that no egg should escape observation. When a great number of 
eggs were deposited, all the slices were not counted, but on each of the 
slices either all or none of the eggs were counted. No selection of slices 
was made, all being taken in order of situation. At the beginning of the 
experiments attempts were made to count rather high numbers of eggs 
from each egg plate — many hundreds — but later the total number 
was confined to round about 300. 


Ill. RESULTS OF EGG COUNTS. 


For purpose of comparisons a number of control series, i. e. series 
without any irradiation, were started on several occasions. Altogether 
more than 24000 eggs were counted within these control series. The 
average hatching rate was found to be 84,0 per cent, which is in good 
agreement with earlier investigations (DEMEREC and KAUFMANN, 1941; 
DEMEREC and FANO, 1944). In several of the control series the males 
were isolated after birth for a shorter or longer time (up to two weeks) 
before mating: usually they were isolated without females but in some 
cases they were allowed to stay with their stock bottle sisters. Neither 
the age nor the unmated state of the males seemed, however, to be of 
any influence on the hatchability of the eggs. (In one single control 
series in which the males were isolated without females from birth up 
to 14 days of age before mating the hatching rate was only 19,6 per 
cent in a total of 840 eggs; the cause is unknown.) On making a sta- 
tistical analysis with hierarchical grouping, first according to series, and 
then, within series, according to days of counts, it was found that both 

















-cuseoure versa 





X-RAY INDUCED DOMINANT LETHALS 447 








of these subdivisions acted as significant causes of variation. The same 
was also found in the irradiation series. We must thus conclude that 
there is a non-random variation due to unknown causes, a fact also 
found by DEMEREC and FANO (1944). As one possible reason for this 
variation we may perhaps think of variations in humidity in the dif- 
ferent food-containing Petri dishes. 

The irradiation series included many different types. In one group 
of series the males were irradiated and mated on their first day of 
imaginal life. The egg counts were then, as described above, made daily 
for a shorter or longer period in the different series. In another group 
the males were irradiated when freshly hatched, then isolated for a 
week (without or with females) and subsequently mated to the females, 
the eggs from which were counted. In still another group the males 
were isolated from birth up to an age of either one or two weeks (with- 
out or with females), when they were irradiated and mated. Finally, in 
a last group of series the males were isolated without females from 
birth to the age of one week, when they were irradiated and isolated 
without females for still another week and were then mated. In all of 
these series, comprizing nearly 100000 eggs counted, it was found that 
the hatching rate decreased both with increasing time from irradiation 
to fertilization and with increasing age of the males. It does not, how- 
ever, seem necessary to give a detailed account of these experiments, as 


- two somewhat more crucial experiments were made. 


In the first of these experiments (Table 1, Fig. 1) males were col- 
lected during one day and irradiated on that same day, thus on their 
first day of imaginal life. The males were then divided into seven lots 
of which one lot was mated immediately. The remaining six lots were 
isolated without females and mated on the following six consecutive 
days, respectively. Egg counts were made within each of the seven series 
daily until the 8th day from the beginning of the experiment. (In the 
first three of these series the 7th day’s count was, however, omitted.) 
As the table and the graph show, there was a marked decline in the 
rates of the hatching of eggs with lapse of time from irradiation: this 
is seen in the table whether the columns are followed from top to bot- 
tom or the rows from left to right. 

In this experiment it is impossible to separate the effect of aging 
the males from that of increasing the length of time from irradiation 
to fertilization, as the males are aged when this length is increased. The 
next experiment was therefore designed to study the aging effect separ- 
ately (Table 2, Fig. 2). Freshly hatched males were collected during 








TABLE 1. Series in which freshly hatched males were irradiated and subsequently mated after a varying 
number of days of storage without females. n= total eggs counted; p == percentage of eggs hatched. 
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Fig. 1. Graph showing the decrease in hatching rate with increasing length of time 

from irradiation to fertilization. The curve corresponds to the first day’s egg counts 

in Table 1. Horizontal scale, number of days from irradiation to mating; vertical 
scale, percentage of eggs hatched. 





each of eight consecutive days and stored until this 8th day, when they 
were irradiated and immediately thereafter mated. Of the lots collected 
on the 5th, 6th and 7th days parts were isolated still longer, being 
irradiated and mated a week later than the other lots. In this way 
series were obtained in which males were irradiated from an age of 
0+ 0,5 up to 105+ 0,5 days. As the matings were always made im- 
mediately after irradiation, there were no differences between the series 
with regard to length of time between irradiation and fertilization, the 
whole difference being confined to the age of the males. In each of the 
11 series three-day counts were made. The hatching rate at the start 
was somewhat lower than at the start of the experiment shown in 
Table 1, and the rates at the 6th and 7th days show a slight increase 
as compared with those of the 4th and the 5th days. The decrease with 
aging the males is still well pronounced. If the observed hatching rates 
should not correspond to a real decline with aging the males, the three 
regression coefficients of rate on age, which may be computed for the 








TABLE 2. Series in which males were irradiated at different ages and mated immediately thereafter. Storage 

before irradiation without females. In each series the number of days from irradiation to fertilization is 

0,5 + 0,5, 1,5 + 0,5, 2;5 + 0,5 in the 3 horizontal lines, respectively. n = total eggs counted; p = percentage of 
eggs hatched. 
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Fig. 2. Graph showing the decrease in hatching rate with increasing age of the males. 


The curve corresponds to the first day’s egg counts in Table 2. Horizontal scale, age 
in days of males at irradiation; veriical scale, percentage of eggs hatched. 





Ist, 2nd, and 3rd day of egg counting, would statistically be zero. An 
analysis shows, however, that the probability for this is less than 0,001 
for each of the three regressions. 


IV. DISCUSSION. 


From the above descriptions of the variations in hatchability of 
eggs after irradiatiory of males and in controls it emerges that, apart 
from random variations, we have to take three different causes of 
variation under consideration. These are (1) a cause (or causes) of 
unknown source resulting in a non-random variation. This has already 
been discussed; (2) age of males at irradiation; (3) length of time from 
irradiation to fertilization. 

Age of males. — As Table 2 and the corresponding diagram Fig. 2 
show, after irradiation of males there is a material influence on egg 
hatchability of aging the males. The decline in hatching rate is most 
marked when the age increases from one to about four days, after which 
the rate is more stable. It is known (DEMEREC and KAUFMANN, 1941; 
KAUFMANN and DEMEREC, 1942) that among »mature» sperms in Dr. 
melanogaster there are such as are available for immediate transfer and 
such as are not ready for transfer until after some lapse of time. Thus, 
the rate of fertilized eggs declines when the males copulate repeatedly 
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with short intervals but the next day new sperms are available. KAUF- 
MANN and DEMEREC (1942) suggest, as one explanation of the failure 
to transfer sperm in the later matings of a series, that the sperms have 
not moved close enough to the vas deferens to permit ejaculation. They 
also showed that the sperms deposited in the female receptacles were 
exhausted within 8 to 10 days but that only minor changes were found 
within the first three days after copulation. Further, by using adequate 
marker genes, they found that the sperm from consecutive matings 
mixed and that the relative amount of different kinds of spermatozoa 
and chance determined which type of sperm actually fertilized. Now, 
as described above, the males in the present experiments remained with 
the females, but the agar plates on which the eggs were deposited were 
changed daily. It is thus probable that a proportion, perhaps a rather 
large one, of the eggs iaid on the second and the third days within 
each of the series tabulated in the columns of Table 2 were fertilized 
from the same copulations as were those laid on the first day. A com- 
parison of the hatching rates within each of the separate series shows 
very little variability. It is therefore possible that aging of the sperms 
after their transfer to females is without influence on hatchability. This 
would be in agreement with MULLER (1940), who irradiated impregnated 
Dr. melanogaster females and studied the rates of translocations be- 
tween paternal chromosomes 2 and 3 after different intensities of 
irradiation which involved different lengths of storage of the spermato- 
zoa within the females, but without finding any differences in the 
rates. Likewise CATSCH, KANELLIS and RADU (1943) found no change 
in the rate of 2—3 translocations after different lengths of storage of 
sperm in the receptacles of the females {irradiation given with equal 
intensities) . 

From this it would seem likely that the increasing effect of x-rays 
in producing dominant lethals with aging the males would be due to 
an increasing x-ray sensitivity of spermatozoa, which are aged when 
stored within the testis. If so, a less marked effect would, however, be 
expected in males which were allowed to copulate with other females 
during the time before mating. But this was not found to be the case. 
Among the experiments mentioned above, but not shown separately 
here, the following two are of interest in this respect. Males were col- 
lected and irradiated during their first day of imaginal life and then 
divided at random into two groups, forming series 1 and 2, and, like- 
wise, in a later experiment, divided at random into four groups, form(- 
ing series 3, 4, 5, 6 (Table 3). In the first of these cases one of the groups 
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TABLE 3. Series in which freshly hatched males were irradiated and 
then stored a week before mating. n==iotal eggs counted; p= per- 
centage of eqgs hatched. 





Number of days Males collected simul- Males collected simultaneously 
from tancously and stored and stored 
birth of | . — | without with : : Sie 
irradiation : , without females with females 
males females females 
(1) (2) (3) |  ) (5) (6) 


to fertilization : pee 





8+1 | 7540,5 | 468 | 13,8 | 637 | 11,3 | 127 | 24,4 | 84 | 27,4 | 147 | 25,2 | 204 | 23,0 | 
9+1 | 85+0,5 398 16: | 488 10,0 292 24,7 | 252) 23,0 253 20,6 | 265 | 21,9 
1041 | 95+0,5 | 285} 12,2 | 342) 12,0 | 289 | 19,4 | 259| 22,0 | 259 | 14,2 | 268 | 21,6 | 
was kept without females (1) and one with females (2); and in the latter 
case two groups were kept without females (3, 4) and two groups with 
females (5, 6) before the matings from which egg counts were made. 
The experiment included three days of egg counts. Comparisons within 
each of these two cases reveal no differences between the isolations 
with or without females. The second experiment was made just like the 
first one with the only difference that the males were irradiated and 
mated at an age of one week (Table 4). Comparing here series 1 and 2 
‘a slight difference is found, but it is the previously mated male series 2 
which shows the lower rate. Still, the difference is probably without 
significance. There is no difference between the previous!y unmated 


TABLE 4. Series in which the males were irradiated and mated at an 
age of one week, n= total eggs counted; p= percentage of 
eggs hatched. 








Number of days | Males collected simul- Males collected simultaneously 
from | taneously and stored and stored 
birth of | , ce | without with 5 a ae 
| irradiation | without females with females 
males | females females 
| 
| : . | 
; @) (2) 3) (4) 6) | ©) 
to fertilization | | | 
! | | | 
n p n p n p n pj} n p | n Pp | 





| | | 
| | | 


| oe Bi | | oR pe | 
5 | 183 | 33,0 | 71) 28,2 | 609 | 30,9 | 703 | 32,0 | 844 | 31,2 | 818 33,3 | 


| 
8+1 | 05+0 | 
941 | 15 + 0,5 | 610) 40,5 | 455 | 33,1 | 426/ 27,0 479| 31,2 | 580 | 35,7 | 497 36,0 
| 10+1 | 25+ 05 | 212) 40,6 | 295 29,2 | 368) 28,3 | 419 | 30,5 409 | 38,6 | 405 | 29, 
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male series 3, 4 and the previous}y mated male series 5, 6. So far, there- 
fore, we must conclude that the age of the males itself, or causes closely 
correlated to it, influences the sensitivity to irradiation with the result 
that the rate of dominant lethals induced by irradiation increases with 
increase of the age of the males from one to about four days. 

Length of time from irradiation to fertilization. — With regard to 
length of time from irradiation to, fertilization the rate of dominant 
lethals increased when this period increased from one day to about one 
week (Table 1, Fig. 1). It should, however, as pointed out above, be 
observed that these experiments are so designed that the ages of the 
males automatically increase when the period in question increases. We 
have, unfortunately, no data available from which it would be possible 
to find, in an adequate way, the effect of increasing the interval without 
increasing the age (experiments to study this question are planned). But 
the much steeper decline of the curve in Fig. 1 as compared with that 
in Fig. 2 shows that there must be some additional cause at work other 
than the mere aging the males themselves, and this cause must be sup- 
posed to be the increase in time between irradiation and fertilization. 
In studies by other investigators in this field there was likewise an 
automatic increase in the ages of the males when the time interval 
from irradiation to fertilization was increased. But, as far as is known 
to us. in none of these investigations were the changes studied during 
the first few days after birth ef males. DEMEREC and KAUFMANN (1941) 
irradiated previously unmated males at six days of age and after that 
mated them repeatedly to virgin females. They found, in fairly good 
agreement with our results, a rate of hatched eggs of about 20 per cent. 
Only in the case when the males had copulated repeatedly and were 
subsequently mated on the 19th day after irradiation did they observe 
a sharp increase in hatching rate to about 65 per cent. But, when the 
lapse of time from irradiation to mating was 19 days and the males 
had been kept without females, the rate remained at 20 per cent. From 
this the authors concluded that it takes about that time for spermatozoa 
which are immature at the moment of irradiation to reach a mature 
stage. This conclusion implies either that the younger cells in spermato- 
gonial development are less susceptible to irradiation than are mature 
spermatozoa or that they are to a greater extent eliminated from gamete 
formation. TIMOFEEFF-RESSOVSKY (1931) likewise found an increase in 
hatching rate of the eggs from about 24 to about 67 per cent when com- 
paring the time interval 1—15 days from irradiation to fertilization 
with the time interval 15—30 days. 








| 
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Tentatively the following suggestions are made. In accordance with 
MULLER (1940), PONTECORVO (1942) and DEMEREC and FANO (1944) it 
is supposed that dominant lethals are induced by single breaks. (A cer- 
tain proportion of them may also be point mutations, as these two 
possibilities cannot be distinguished.) It is further supposed that after 
breakage the two parts of the chromosomes are not absolutely immo- 
bile relative to each other. The longer it takes from break to moment 
of active chromosome movements (moment of fertilization) the greater 
will the average distance be between the broken chromosome’s two ends 
and the smaller the probability for restitution. This will lead to a higher 
rate of dominant lethals with longer time interval between irradiation 
and fertilization. With regard to influence of age it may be imagined 
that the chromosomes change physiologically so as to make the moving 
apart of the broken ends more speedy in older than in younger males. 


SUMMARY. 


(1) Wild type males of Drosophila melanogaster were irradiated 
with about 2900 r and mated to yw sn females of a maximum age of 
three days. Corresponding controls (without irradiation) were also made. 

(2) The hatchability of the eggs was studied after varying the age 
of the males at fertilization and after varying the length of time between 


- irradiation and fertilization. It was found that both of these factors 


were active in decreasing the hatching rate. The decline ranged from 
about 50 per cent to about 30 per cent or still lower. In the controls a 
normal hatching rate of between 80 and 90 per cent was found without 
any effect from aging the males. 

(3) Unmated or mated state of the males prior to the present 
mating had no effect on the hatchability. 

(4) Apart from the above causes of variation in the hatching rates 
of the eggs other non-random causes of unknown origin were also active. 

(5) A discussion is submitted of possible forces at work together 
with a tentative explanation. 


The present investigation was supported by the Swedish Natural 
Science Research Council. 
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LINKAGE CALCULATIONS FROM SEMI- 
STERILITY DATA 


BY ROBERT LAMM 


INSTITUTE OF GENETiCS, LUND, SWEDEN 





INTRODUCTION. 


| ee the calculation of linkage from data involving semisterility 
either the product method or the maximum likelihood method 
could be used. The determinalion of recombination values from F, data 
is rapidly done by the former method with the aid of the tables given 
by JOACHIM (1947). Although the product method is quite convenient 
in simple cases it does not seem to be so well suited as the method of 
maximum likelihood for combined estimates from aggregates of dif- 
ferent data, i.e. backcross and F, families. By the latter method of 
estimation it is quite easy also to test the homogeneity of the data. In 
this paper the statistical analysis of semisterility data by means of 
maximum likelihood scores will be treated. To facilitate the computa- 
tions, tables of scores have been prepared. 


TYPES OF PROGENIES. 


The investigations made by the author have been confined to the 
pea (Pisum sativum). Here several structural types are known that 
deviate by segmental interchange from the normal structural type. On 
crossing with this normal type they give semisterile F, plants usually 
having a ring of four chromosomes at meiosis. All the examples here 
discussed refer to such simple cases, a survey of which is given in 
Table 1. ) 

In backcrosses the recombination classes, as shown by Table 1, 
either belong to the categories represented by the a, and d or the b 
and c, individuals. Symbolizing the allelomorphs by A and a, the nor- 
mal structural type by I and the deviating structural type by II, we have: 


F, BC-parent Recomb. individuals 
Ia X IIA Ia a, +d 
IA X Ha IIa 2 a 
IA X Ila Ia b +e, 


Ia x ITA Ila , 2. 
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TABLE 1. Survey of different types of families segregating for 
semisterility and a pair of allelomorphs. 


Categories and 
Nos. of 
individuals 


BC 
(backcross) 


Exp. prop. either 


or 
p= 0,5 
p= 0,0 
p= 0,0 
F, 
(dom. of A) 


Exp. prop. 


p= 0,5 
P== 0,0 


F, 
(compl. classif.) 


Exp. prop. 


p= 0,5 


p= 0,0 


In F, progenies segregating for a non-dominant gene the a and c 
classes may be subdivided as shown in Table 1. A complete classification 
could of course also be made by extending the analysis to F;. By a com- 
plete classification the information about the recombination fraction p 


Fertile 


AA =a, 
Aa = a2 
Tot.=a 


a 


a +}- 2 (p— p?) 


4 
3 
1 


a, 


ay 


1 — 2 (p—pP*) 


4 


4 (p— P*) 


is much improved. 


The presence of linkage between a gene (A) and the point of inter- 
change (P.i.) can be tested by the 7° method (LAMM, 1948). The total 
7x is divided into three components representing the segregation of 


aa = b 


b 
1 — 2 (p— p’) 
rae 

1 

1 


b 


1 — 2 (p— p’) 
4 


Semisterile 


AA =¢; 
Aa = Co» 
Tot. =c 


Cy 

Pp 

2 
1—p 

"a 

1 

0 

1 


c 


2— 2 (p— p?) 


4 
3 
2 


Cy 

Ce 
2 (p— p*) 
“<> 


2— 4 (p—p?’) 


THE DETECTION OF LINKAGE. 


aa=d 
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fertility contra semisterility, the segregation of the allelomorphs and 
the linkage component. Only if the two first components are non- 
significant do the formulae for the detection and estimation of linkage 
give reliable results. For the analysis of zy’ the following formulae can 
be used. 


Backcross: 
7% total = (a+ b? +c.” -+ d’) :0,5n—n DF =3 
» fert. a (A, + b — d)* oe i SS 1 
» alleles = (a,—b+c,—d)?:n > = 
» linkage = (a, —b—c.+d)*:n >= 


F, with complete dominance of A: 


y total = (a? + 3b? +c’ + 3d’) :0,35n—n DF=3 
» fert. =(a+b—c—d)’:n _= 

» alleles = (a— 3b + c-— 3d)’: 3n » ond 
» linkage = (a — 3b —c + 3d)*:3n x omg 


F, completely classified (non-dominance of A): 


% total = (2a,’ + a,” + 2b? -+ 2c,? + c,? + 2d’) :0,5n—n DF=5 
» fert. = (a, +a, +b—c,—c.—d)’*:n > = 
» alleles = [4(a, + c,)? + 2(a. + ¢.)* +4(b+d)*?]:n—n » =2 


» linkage = total — fert. — alleles » =2 





THE ESTIMATION OF LINKAGE. 


If the segregation with respect to the fertility and the alleles is 
normal and if the linkage part of 7’ is significant, the next step of the 
analysis is to determine the intensity of this linkage between the point 
of interchange (P.i.) and the gene (A). For the estimation of linkage 
from ordinary F, families not involving structural heterozygosity, scores 
to facilitate the computations have been published by FISHER and 
YATES (1948). These scores could either be obtained by writing down 
the logarithm of the likelihood of the sets of data in question and 
maximizing by differentiation and equating to zero or by dividing the 
differentials of the expected frequencies by the expectations. The ag- 
gregate score (D) of a progeny is zero at the correct value of estimate. 
If the quantity D is deviating from zero, a correction factor leading 
to the correct estimate of p is obtained by dividing D by its information 
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(Ip). The latter quantity may either be obtained empirically, as will be 
demonstrated later, or theoretically as the mean amount of information 
(see MATHER, 1938, pp. 56—57 and 72—73). 

Alternatively, values leading towards a correct estimate of the recom- 
bination fraction p could be obtained by adding the product p X Ip to 
the aggregate score D and dividing the quantity A thus achieved by Ip 
(cf. FINNEY, 1949). This modification of the iterative scoring system 
seems to save some of the work, which perhaps makes the method of 
maximum likelihood less attractive. As will be shown below, it is easy 
to apply these methods to data involving semisterility. 

Backcrosses. — If in a backcross family a, and d represent the re- 
combination individuals, the application of the maximum likelihood 
method gives: 

L=(a, +d) log 4 4. (6+) log” a 
qL_a,td b+e, n 


dp Pp i— 0; Ip=n-ip a 


tt, 4/2 
Pn PSS Ip 


The aggregate score D, which is zero at the correct p value, is thus: 


gt 2 tS, 
a 1—p 
A=D-+n-p-ip=(a,+d) ip 
A_ A _4+d 


oe Ip re n-ip = in 





D A—n-p-ip 


To facilitate the scoring of backcross data, ip and p X ip values 
are given in Table 2. As later demonstrated by a numerical example, 
these scores are useful in the compilations of combined data for the 
estimation of linkage and for the examination of heterogeneity. 

F, with complete dominance of A. — The expected frequencies of 
the four different classes (a—d) are given in Table 1. Scores may be 
obtained in analogy with those of the backcross previously treated. The 
computations are somewhat facilitated by. inserting y for 2 (p— p’). 
The scores‘ andthe iy values then obtainett are easily converted to the 
corresponding p scores and ip values given in Table 3 by multiplying 
the y scores by dy/dp = 2—4p and the iy values by (dy/dp)*==4—16p+ 
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+ 16p? = 4—8y. The quantities D, A and Ip could be determined by 
the following equations. 


| ae, 
wai ty  1—y 


(2—Ap)a 


ip = — 


A=D--n-p-ip; p= 


1 


ee 
ae (e— +? | 
~ 14+2(p—p*?) 1—2(p—p*?) 2—2(p— 
(1—2y) [2+4(y—y")], 
e—s)r+oe-—P) © 


& 


Ip 


1 
+= PA = 2 —_— 2 
Po ene?) 


Ip=n-ip 


(2—4pje 


p”) 


(2—4p)d 
2 (p— p”) 


TABLE 2. Scores for linkage data from translocation backcrosses. 


* 


ip 


0,01 101,01010 
0,02 51,02041 
0,03 34,36426 
0,04 26,04167 
0,05 21,05263 
0,06 17,73050 
0,07 15,36098 
0,08 13,58696 
0,09 12,21001 
0,10 11,11111 
0,11 10,21450 
@,12 9,46970 
0,13 8,84173 
0,14 8,30565 
0,15 7,84314 
0,16 7,44048 | 
0,17 7,08717 
0,18 6,77507 
0,19 6,49773 
0,20 6,25000 
0,21 6,02773 
0,22 5,82751 
0,23 5,64653 
0,24 5,48246 
0,25 5,33333 


n 
PXip 
1,01010 
1,02041 
1,03093 
1,04167 
1,05263 


1,06383 
1,07527 
1,08696 
1,09890 
1,11111 


1,12360 
1,13636 
1,14942 
1,16279 
1,17647 


1,19048 
1,20482 
‘1,21951 
1,23457 
1,25000 


1,26582 
1,28205 
1,29870 
1,31579 
1,33333 


Pp 


0,26 
0,27 
0,28 
0,29 
0,30 


0,31 
0,32 
0,33 
0,34 
0,35 
0,36 
0,37 
0,38 
0,39 
0,40 


0,41 
0,42 
0,43 
0,44 
0,45 


0,46 
0,47 
0,48 
0,49 
0,50 


ip 
5,19751 
5,07357 
4,96032 
4,85673 
4,76191 


4,67508 
4,59559 
4,52284 
4,45633 
4,39560 
4,34028 
4,29000 
4,24448 
4,20345 
4,16667 


4,13394 
4,10509 
4,07997 
4,05844 
4,04040 


4,02577 
4,01445 
4,00641 
4,00160 


- .4,00000 


* A — Nos. of recombination individuals X ip; Ip = n X ip. 


n 
PX ip 
1,35135 
1,36986 
1,38889 
1,40845 
1,42857 
1,44927 
1,47059 
1,49254 
1,51515 
1,53846 
1,56250 
1,58730 
1,61290 
1,63934 
1,66667 


1,69492 
1,72414 
1,75439 
1,78571 
1,81818 


1,85185 
1,88679 
1,92308 
1,96078 
2,00000 
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a 

P iy A 
0,01 1,92195 
0,02 1,84758 
0,03 1,77660 
0,04 1,70877 
0,05 1,64383 
0,06 1,58160 
0,07 1,52186 
0,08 1,46444 
0,09 1,40918 
0,10 1,35594 
0,11 1,30457 
0,12 1,25495 
0,13 1,20698 
0,14 1,16054 
0,15 1,11554 
0,16 1,07188 
0,17 1,02948 
0,18 0,98826 
0,19 0,94816 
0,20 0,90909 
0,21 0,87100 
0,22 0,83383 
0,23 0,79752 
0,24 0,76202 
0,25 0,72728 
0,26 0,69324 
0,27 0,65988 
0,28 0,62714 
0,29 0,59499 
0,30 0,56338 
0,31 0,53229 
0,32 0,50167 
0,33 0,47150 
0,34 0.44174 
0,35 0,41237 
0,36 0,38335 
0,37 0,35466 
0,38 0,32626 
0,39 0.29814 


0,27027 





=i 
Fert.a 
1,99959 
1,99834 
1,99618 
1,99307 
1,98895 


1,98377 
1,97747 
1,96999 
1,96125 
1,95122 


1,93981 
1,92698 
1,91264 
1,89673 
1,87919 


1,85996 
1,83895 
1,81612 
1,79139 
1,76471 


1,73601 
1,70524 
1,67234 
1,63728 
1,60000 


1,56047 
1,51865 
1,47453 
1,42808 
1,37931 


1,32821 
1,27479 
1,21907 
1,16110 
1,10092 


1,03858 
0,97415 
0,90772 
0,83938 
0,76923 
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ain 
Semi. A 
0,98980 
0,97919 
0,96817 
0,95674 
0,94488 


0,93260 
0,91988 
0,90674 
0,89315 
0,87912 


0,86465 
0,84973 
0,83437 
0,81855 
0,80229 


0,78558 
0,76843 
0,75082 
0,73277 
0,71429 


0,69536 
0,67600 
0,65621 
0,63601 
0,61539 


0,59436 
0,57293 
0,55110 
0,52890 
0,50633 


0,48340 
0,46012 
0,43651 
0,41258 
0,38835 


0,36383 
0,33903 
0,31397 
0,28868 
0,26316 





+d 
Semi. a 
98,98990 
48,97959 
32,30240 
23,95834 
18,94737 


15,60284 
13,21044 
11,41305 
10,01221 

8,88889 


7,96731 
7,19697 
6,54288 
5,98007 
5,49020 


5,05953 
4,67753 
4,33605 
4,02859 
3,75000 


3,49608 
3,26341 
3,04913 
2,85088 
2,66667 


2,49481 
2,33384 
2,18254 
2,03983 
1,90476 


1,77653 
1,65441 
1,53777 
1,42603 
1,31868 


1,21528 
1,11540 
1,01868 
0,92476 
0,83333 





TABLE 3. Scores for linkage data from F, of translocation intercrosses. 


+n 
PXip 
0,50911 
0,51653 
0,52231 
0,52655 
0,52931 


0,53066 
0,53065 
0,52934 
0,52677 
0,52301 


0,51808 
0,51202 
0,50490 
0,49674 
0,48758 


0,47746 
0,46644 
0,45454 
0,44181 
0,42828 


0,41403 
0,39907 
0,38348 
0,36730 
0,35058 


0,33340 
0,31580 
0,29786 
0,27964 
0,26123 


0,24269 
0,22412 
0,20560 
0,18721 
0,16907 


0,15125 
0,13387 
0,11704 
0,10086 
0,08544 










































n 

ip 
50,91108 
25,82632 
17,41038 
13,16375 
10,58625 


8,84437 
7,58075 
6,61678 
5,85305 
5,23006 


4,70979 
4,26687 
3,88383 
3,54813 
3,25052 


2,98414 
2,74375 
2,52520 
2,32529 
2,14142 


1,97155 
1,81397 
1,66731 
1,53040 
1,40233 


1,28229 
1,16962 
1,06377 
0,96428 
0,87076 


0,78288 
0,70038 
0,62303 
0,55063 
0,48305 


0,42014 
0,36182 
0,30799 
0,25861 
0,21360 
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+a —b —ec +d +n n 

»P Fert. A Fert. a Semi. A Semi. a pXip ip 
0,41 0,24262 0,69741 0,23744 0,74411 0,07091 0,17294 
0,42 0,21517 0,62403 0,21153 0,65681 0,05737 0,13660 
0,48 0,18789 0,54924 0,18546 0,57120 0,04496 0,10456 
0,44 0,16077 0,47319 0,15924 0,48701 0,03380 0,07681 
0,45 0,13378 0,39604 0,13289 0,40404 0,02400 0,05334 
0,46 0,10689 0,31797 0,10644 0,32206 0,01570 0,03413 
0,47 0,08010 0,23914 0,07990 0,24087 0,00902 0,01920 
0,48 0,05336 0,15974 0,05331 0,16026 0,00409 0,00853 
0,49 0,02667 0,07997 0,02666 0,08003 0,00104 0,00213 
0,50 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 


A first score is made at a provisional p value. If the p value hereby 
derived from the calculations does not agree with the provisional one, 
rescoring is done until there is a close agreement between the provisional 
and the final p value. 

F, completely classified. — In completely classified F, families 
(see Table 1) the analysis could be carried out in accordance with the 
following equations. 


=a 2—2y 


L=(a,+b) ‘ing? “eer 4a, log =! . J 4 (e, + d) log {+ ¢, log — rs 


y = 2(p— p”) 


aL _a+e,+d a+b+e,_ 0 n 


; ly =—_— 
dy yo om! aia y (1— y) 


Expressed in therms of p the above formulae are: 


— +d)(2—4p) (a,+6-+¢,)(2—4p) scsi 





2 (p— p®) 1 — 2 (p— p*) 
_ ag+ ce +d __ 
pe—pt+ a 0 








eas a 2(a, +c, + d) 
! a 4n 


” oe —tie—pPie 
v= + Vi P= (p—p*) [1— 2 (p—p’)] 


If A values are wanted for combined estimates, they may be derived 
by the equation: 
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THE TESTING OF THE HOMOGENEITY. 


When a combined estimate of p is made from data of several dif- 
ferent kinds, the homogeneity of these data should be tested. The joint 
deviation from expectation with respect to the fertility: semisterility 
ratio and the segregation of the genes may be tested by the methods 
described by MATHER (1938, pp. 79—82). The testing of the hetero- 
geneity of the linkage item also follows his methods (I. c., pp. 82—83). 
For each set of data x’ is obtained by dividing the square of the ag- 
gregate score (D*) by its information (Jp). If k families are pooled, 
their individual z*’s derived in this way are added and from the sum 
the 7’ for the totals is subtracted, the reminder being 7° for k—1 degrees 
of freedom (DF) for heterogeneity. Tables 2 and 3 are prepared for 
unit intervals of p. Often the best joint estimates of p are intermediate 
values. D values sufficiently good for the analysis of heterogeneity can 
then be obtained by interpolation, as will be shown in a numerical 
example. 


NUMERICAL EXAMPLES. 


As numerical examples some data concerning the Thibet 7 trans- 
location in Pisum will be analysed below. They have most kindly been 
put at my disposal by Miss C. PELLEW, who has carried on her earlier 
investigations on this translocation (PELLEW and SANSOME, 1931). Later 
they will be published in a special report together with related genetical 
data and cytological studies. In the first example, the available data of 
which are given in Table 4, the linkage between the Thibet 7 point of 
interchange and the gene st for reduced stipules is analysed. In accord- 
ance with SANSOME (1937) the normal structural type is referred to as 
structural type 1 and the Thibet 7 interchanged line as structural type 3. 


TABLE 4. Segregation between the point of interchange (P.i.) of 
Thibet 7 and the gene St on the basis of data obtained 
from Miss C. PELLEw. 


Progenies Structural types Categories and Nos. (cf. Table 1) 
BC and genes ae b C2 d n 
Fe (ef. p. 457) a b c d n 
BC 1 [1 (St) X 3 (st)] X 1 (st) 17 4 9 15 45 
BC 2 [1 (St) X 3 (st)] X 3 (st) 2 6 8 3 19 


[1 (St) X 3 (st)] selfed 














LINKAGE CALCULATIONS 465 


Few comments are needed about the first step in the analysis, i. e. 
the analysis of z°, since methods exhaustively described by MATHER 
(1938, pp. 79—84) have been followed. Applying the formulae on p. 
459 of the present paper the 7’ analysis gives the following results: 


2 a2 


4 ¥ Fa r 
Progenies Total Fertility St: st Linkage 
15) OP |e oer 9,311 0,200 1,c89 8,022 * 
| 6) Ce? 1 er ean 4,789 0,474 0,053 4,263* 
PV Secs Bde hates 6,620 0,009 1,374 5,237 


The deviation 7° in the fertility item is of course obtained from the 


quotient 
(17+4+2+6+32+ 21—9—15—8—3—43—11)’ : (45 +19+ 107) = 
== (3287 
and the non-significant heterogeneity 0,3:6 from the difference 
(0,200 + 0,471 + 0,cc9) — 0,287 = 0,306 (DF = 2). 


The computation of the deviation of the St: st item is somewhat 
more complicated (/. c., pp. 79—81) and is derived from the expression 


(2(4+15+6+3)—2(17+9+2+8) +4(21 + 11) —1,3333(32 +43) ]? : 


3 [4(45 + 19) + 5,3333 X 107] 0,171, and the heterogeneity 7° hence 
amounts to (1,89 + 0,53 + 1,37) — 0,174 = 2,312 (OF = 2). 





Finally, the linkage heterogeneity is computed in connection with 
the iterative determination of the recombination value p, which is the 
next step of the analysis. 

A study of the first backcross family (BC 1) suggests the scoring 
of the data with a provisional value p= (4 + 9) :45 = 0,29. To arrive 
rapidly at a corrected combined recombination value it is perhaps 
easiest only to calculate A and Ip values. As shown below, however, the 
D and Ip values might also be used. The scoring is done with the aid 
of Tables 2 and 3. With a provisional value p = 0,29 we obtain: 


BC 1 D = (4+ 9) 4,85673 — 45 X 1,40845 = — 0,24276 
A = » > = 63,13749 
Ip = 45 X 4,85673 = 218,55285 

BC 2 D = (2 + 8) 4,85673 — 19 & 1,4c845 = — 2,47690 
A= » » == 24,28365 


Ip = 19 X 4,85673 = 92,2787 
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F,.3 D =32 X 0,59199 — 21 X 1,42808 — 43 X 052890 + 11  2,c3983 = 
== — 11,25457 
A =— 11,2547 + 107 XX 0,27961 = 18,66691 
Ip = 107 X 0,96128 = 103,17796 
Combined D = — 0,21276 — 247690 — 11,25157 —= — 13,97423 





A = 63,13719 + 24,28365 + 18,06691 = 106,08805 
Ip = 218,55285 -+ 92,27787 +- 103,17796 = 414,00863 
P corrected = 106,08805 : 414,00863 = 0,2562 
» » = 0,29 — 13,97423 : 414,00868 = 0,2563 


Rescoring is now done at p= 0,25 and p= 0,26. In both cases the 
A : Ip quotient is found to be 0,2565. For the examination of homogeneity 
the D values also must be determined, on doing which the D value at 
p = 0,2565 may be obtained with a sufficient degree of accuracy by inter- 
polation from the values found at p=0,25 and 0,2. The amount of 
information about p is determined arithmetically (cf. MATHER, 1938, 
p. 82) and is obtained by multiplying the differences between the D 
values at p= 0,25 and 0,26 by 100. The heterogeneity 7’ of the linkage 
data is obtained by dividing the squares of the D values at p = 0,2565 by 
the empirical (i. e. the arithmetical) Jp values. The results of these calc- 
ulations are given below. 


2 





Dat Dat Dat Ip Db 
p= 0,2 p = 0,26 p= 0,2565 (empirical) 
D, Ds Ds 100(D,— Ds) (D3)?: Ip 
BC 1 + 9,33333 + 6,75676 + 7,6585 257,66 0,2276 
BC 2 + 1,33333 + 0,31185 + 0,6936 102,15 00017 
F. 3 — 7,45544 — 8,70076 — 8,2649 124,53 05485 
Total + 3,21122 — 1,63215 + 0,0872 484,34 00000 ! 








The total of the x’ values is 0.7803 (DF = 2), and so the data may 
be considered to be homogeneous. The best joint estimate of p is 0,2565 
and the standard error of this recombination value is + V1 : 484,31 = 
= + 0,015144. The amount of crossing-over between P.i. and St is thus 
25,7 + 4,54 %. 

The next numerical example is taken from Table 1 of the paper 
about the Thibet translocation published by PELLEW and SANSOME 
(1931). Here, the following completely classified F, of the cross between 
the normal and the Thibet 7 structural type was obtained. 
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Fertile Semisterile n 


16 RR, 9 Rr, 16rr 3 RR, 28 Rr, 3rr “5 


Applying the zy’ formulae of p. 459 the following values are ob- 
tained: x’ total = 27,6667***, y° fertility = 0,6533, y” segr. of R = 0,0133, 
x linkage = 27,0001***, 

For the determination of the recombination value the formulae on 
p. 463 are applied as shown below. 














oe 75—2(9+3-+3) | a ; 
p= 5) 4X75 =i V0,15 = (),1127 
Pp — p’= 0,1127 — 0,11277 = 0,1 

. C@—te) =, = a ae 
Y “ia sp=-+ V1 : Ip = + 0,02981 


The amount of crossing-over between P.i. and R is thus 11,3 + 2,93 %. 

On p. 464 the formula for the determination of A is also given. If, 
for instance, a provisional p—0,20 is used, we obtain A = 49,6323, 
Ip = 496,3235 and p= 0,10. Rescoring at p=0,10 gives A= 138,2111, 
Ip = 1219,51 and p=0,1133. In combined estimates it is sometimes 
necessary to calculate the A or D values. 


DISCUSSION. 


The estimation of linkage from data involving semisterility is easily 
performed with the help of maximum likelihood scores of the types 
introduced by FISHER (1946) and FINNEY (1949). The latter modific- 
ation is a little more convenient when using the calculating machine, 
since A is always a positive value. If, however, as is the case in com- 
bined estimates, the homogeneity must be tested, the former modific- 
ation is preferable. When applied to ordinary F, data not involving 
semisterility, FISHER’s modification may serve as a tool to distinguish 
between coupling and repulsion families. Since the aggregate score (D) 
at the trial value divided by its information (Jp) gives the correction 
factor leading to the correct estimate, it is desirable that tables prepared 
to facilitate the computations also include an ip column. It is then very 
easy to calculate a theoretical Jp value, whereas the computation of an 
empirical Ip value from the difference between the maximum likelihood 
scores at adjacent p values is somewhat laborious. 

Hereditas XXXVI. 31 
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The linkage values found in translocation heterozygotes may differ 
considerably from the corresponding standard distances estimated in 
lines of the normal structural type. Usually the crossing-over near the 
point of interchange is much reduced. Chiasmata between the centro- 
mere and the point of interchange, i. e. in the interstitial segments, also 
give reduced linkage values, and these values may also be influenced 
by the orientation of the ring of four (cf. LAMM, 1948). These circum- 
stances should be taken into consideration at the interpretation of the 
results of the linkage calculations. In most cases a determination to the 
nearest whole p value ought to be sufficiently accurate. 

Nevertheless, linkage studies on translocation heterozygotes may 
be valuable in connection with the mapping of the chromosomes. They 
give the correct order of the genes and the point of interchange serves 
as a new locus, which sometimes makes the genetical analysis of trans- 
location heterozygotes a more effective method of studying the distrib- 
ution of the genes than the analysis of structurally homozygous types 
(cf. PELLEW, 1937). By this method it is possible to show that segments 
in the chromosomes of Pisum, which in the normal structural type give 
independent segregation, belong to the same chromosome (a probable 
case of this kind will be treated genetically and cytologically in a future 
paper). For the location of centromeres, too, investigations in connec- 
tion with the studies of translocation heterozygotes and their related 
homozygous types or trisomics derived from those heterozygotes may 
be valuable (cf. ANDERSON and RANDOLPH, 1945; SUTTON, 1939). 


SUMMARY. 


Some applications of the method of maximum likelihood for the 
calculation of linkage from data involving semisterility are demon- 
strated. The general methods of iterative scoring proposed by FISHER 
(1946) and FINNEy (1949) have been extended to semisterility cases. 
Questions of pooled estimates and of homogeneity are discussed. Tables 
of scores are given, with the aid of which scoring can be completed 
quite rapidly. 

The methods are illustrated by application to data, obtained from 
Miss C. PELLEw, concerning the linkage between the point of inter- 
change (P.i.) of the Thibet 7 translocation of Pisum sativum and the 
genes St and R. A joint estimate from backcross and F, data has given 
the amount of crossing-over between P. i. and St as 25,7 + 4,51 %, where- 
as a completely classified F, family has given the crossing-over value 
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11,3 + 2,98 % between P.i. and R. Such completely classified progenies 
are especially valuable for the estimation of linkage. 

A short discussion is devoted to the interpretation of linkage values 
found in translocation heterozygotes and to their usefulness in the 
mapping of chromosomes. 
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SPONTANEOUS CHROMOSOME FRAG- 
MENTATION IN SEEDLINGS OF 
VICIA FABA 


BY ALBERT LEVAN anD THORAYA LOTFY 


INSTITUTE OF GENETICS, UNIVERSITY OF LUND, SWEDEN 





eer studying the cytological effect of naphthalene acetic acid 
(NA) in root meristems of Vicia faba, we very often met with 
a big acentric chromosome fragment remaining at the equator during 
anaphase. As the fragment in most cases was of considerable and rather 
uniform size, it was concluded that certain proximal chromosome regions 
had an especially great tendency to be broken. Since this phenomenon, 
in fact, a selective fragmentation, is of great general interest, a detailed 
morphological analysis was made. In the present paper the data of this 
study are presented before the main material of the influence of NA on 
Vicia faba is worked out. 

It was soon understood that the fragmentation was not conditioned 
by any certain treatment of the roots, and our first thought that the 
NA was responsible for the chromosome breakages was abandoned. 
Although the factors determining the fragmentation are still unknown, 
it is clear that they are in some way associated with the conditions of 
the seeds prior to or at their germination. The fragments were observed 
only during the first few days of the experiments while the seedlings 
were young; later on the disturbances gradually disappeared from the 
meristems. Interest in the phenomenon is strengthened by the fact that 
the germination could hardly have involved any factors which could 
not be present also under natural conditions. Our experiences stress the 
necessity in experiments on chromosome physiological tests of using a 
technique in which spontaneous chromosome-breaks are absent or, at 
least, of known frequency. 


I. MATERIAL AND METHODS. 


As material a Swedish commercial variety of Vicia faba was em- 
ployed, called »Getinge smafréiga» (Getinge small-seeded). It had been 
grown in 1949 in the fields of the Swedish Seed Association under the 
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field number 32. Although fairly uniform it is no pure line. At the start 
of the experiments a seed portion is put in a one-seed layer in a Petri 
dish, and tap water is poured over the seeds so that they are submerged. 
They are left to soak in the water for 24 hours. After this the seeds are 
transferred to a Petri dish, the inside of which is plastered with wet 
filter paper. The presoaking of the seeds ensures a rapid and homo- 
geneous germination. Seedlings with equal and straight roots of about 
one centimetre’s length are selected for the experiments. The beans are 
placed in holes of cork discs, which are placed over beakers containing 
solutions of the substances to be tested, the roots dipping down into the 
solution. The solutions are prepared with tap water, and tap water is 
used as controls, the solutions being changed every second day. Root 
tips are fixed daily during the treatment. The slides were made accord- 
ing to the ordinary crystal violet technique. Mainly longitudinal sections 
were cut. Rapid squashes in orceine with or without oxiquinoline pre- 
treatment were examined continuously during the investigation. 


Il. THE OCCURRENCE OF CHROMOSOME ABERRATIONS. 


At our study of NA in the Allium test (LEVAN and Lortry, 1949), 
according to which the main lines of the present work were planned, 
we found structural chromosome changes frequently in old, non- 
- meristematic cells, mainly in the cortical tissue. No such disturbances 
were met with in the young meristems. We were therefore surprised at 
finding in the experimental series of Vicia faba the frequent occurrence 
of chromosome fragments in the tip meristem as well as in meristems 
of the pericycle. The next chapter will deal with the morphological 
appearance of this phenomenon; in the present chapter some data will 
be given on its frequency. 

In Table 1 data are collected from two experiments including treat- 
ments with NA in concentrations from 107° to 10~*° mol/l plus controls 
in treatment periods from two hours to seven days. The values in the 
table give the percentage of abnormal anaphases and telophases. This 
means in the preponderant number of cases the presence of one or two 
big fragments, in addition to which there may be present one chro- 
mosome bridge. In some few cases more than one such structural change 
is present in one cell. Single cases with only a bridge without fragment 
have also been included. Small fragments, smaller than half a chro- 
mosome, have been observed occasionally. Chromosome erosions, which 
were often met with, are not included in the table. 
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TABLE 1. Percentage abnormal anaphases and telophases in two 
experiments (a and b) with naphthalene acetid acid. 


Concentration 
of NA Time of treatment 
Negative 
exponent 2hours 4hours ilday  1day 2days 4days 4 days 7 days 
of 10mol/l a b a b a a b b 
3 — 11,6 0 (0) (0) 10,3 (10,0) (6,7) 
4 2,0 4,7 — 7,8 (3,2) 3,0 (5,0) 1,0 
5 7,7 (9,0) 1,4 10,4 0,7 22,9 24,5 0,5 
6 4,0 4,2 0,5 15,0 1,0 1,0 0,9 0 
7 2,9 3,0 1,0 14,0 0 0 1,0 0 
8 (3,7) 5,0 — 12,9 — — 5,0 0 
9 4,7 10,2 —_ 10,2 _— _ 2,0 0 
10 _— 4,2 —_ 11,0 — _ 1,9 0 
11 _ 4,0 — 8,0 —_ _ 0,8 0 
12 —_ 3,0 —_ 5,5 —_ _ 0 0 
13 _ 2,0 — 4,0 —_— — 1,0 0 
14 —_ 1,0 — 18,0 — — 0 0 
15 _ 1,0 — 7,0 —_ — 0 0 
Control -- 2,5 _ 14,0 0 0 1,0 0 


Percentages were calculated from at least 100 cells, except in values within 
brackets, where the numbers were less than 100. 


From Table 1 it is evident that the structural changes are not cor- 
related with the NA treatments. Even if the concentration 10~° mol/l 
contains the highest percentages, it is evident that, with the considerable 
experimental errors always present in such recordings, no certain differ- 
ence in fragment frequency is present between the various types of 
treatment. On the other hand, an evident correlation to the time factor 
is seen, a decrease in frequency occurring with increasing age of the 
seedling. As the controls exhibit about the same fragment frequency as 
the treatments, it is concluded that the fragmentation occurs spontan- 
eously and is caused by some unknown factor. 

This conclusion is strengthened by several random samples taken 
within other experimental series. Thus, in a series of colchicine treat- 
ments started for determining the c-mitotic threshold of colchicine, the 
following frequencies of structural changes were recorded at four hours’ 
treatment (see the scheme on the next page). 

As seen, there is a considerable frequency of fragments even in the 
control. Other random samples of untreated, recently started young root 
tips frequently showed fragments. Young seedlings grown in soil or 
sand without previous soaking also show occasional fragments, although 
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Colchicine concentration Percentage disturbances 
ee a 4,8 
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| MT Te eC Tee CETTE Tee 12,9 


less frequently than in the other material. The bearing of this will be 
discussed in the last chapter. 

From the results hitherto obtained it may only be said that the frag- 
mentations occur spontaneously without correlation to the treatments. 
The higher frequency of fragments during the fourth and seventh days 
in the strongest concentrations of NA (Table 1) does not need to be 
directly correlated to the treatments but may be indirectly caused by 
the inhibitory influence of these treatments on the root growth. Data 
so far collected show consistently, however, that the fragments disappear 
with increasing age. Their occurrence is evidently correlated to the 
developmental stage and their cause must be looked for among the 
factors acting at the onset of germination. 

It is still easier to follow the fragments by the occurrence of micro- 
nuclei than by the study of the anaphases and telophases. The presence 
of a micronucleus means that a fragment occurred at the preceding 
mitosis which gave rise to this cell and its sister cell, the latter one being 
devoid of micronucleus. This has sometimes been directly ascertained: 
one mitosis has a very small chromosome, although no fragment is 
present in the cell. The fragmentation has then occurred at an earlier 
mitosis, and accordingly the fragment is found as a micronucleus in a 
neighbouring cell. This situation was found in Fig. 1 g. The study of the 
micronuclei, in addition, will give a more correct picture of the situation 
of the entire tissue, since the majority of the cells at any certain moment 
are in resting stage. The size of the fragment may be estimated from the 
size of the micronuclei. It is necessary to take into account, however, 
that micronuclei gradually turn pycnotic and at the same time their 
volume will decrease. 


Ill. THE MORPHOLOGY OF THE FRAGMENTATIONS. 


A general impression of the appearance of the present structural 
changes may be had from Figs. 1 and 2. We were not able to follow 
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Fig. 1. Vicia faba, somatic mitoses of the root tips, a—s: anaphase, t—z: telophase. 
Acentric fragments, bridges and free dim-chromosomes are drawn in black. For 
details, see the text. — 1550. 
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Fig. 2. a—d: fragmentation of st chromosomes, e: erosion in m, f: in st chromo- 

somes, g: small fragment with big bridge, h—k: fragmentations of m chromosomes, 

l: analysed anaphase with bridge and fragment, m: erosions at homologous points 

in two pairs of st anaphase chromosomes, n: analysed anaphase with erosions. — 
X 2150. 
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the fragmentation back through metaphase and prophase. Probably at 
these stages the fragmentation is not complete and has the appearance 
of a constriction. Free fragments outside the metaphase plates were not 
encountered. The anaphase movement, however, immediately reveals 
the fragmentation. In typical cases one big fragment is present that 
often has a constriction in its middle. This constriction may be more or 
less pronounced and may in extreme cases lead to a complete severing 
of the fragment into two (e.g. the right fragment of Fig. 1 r).. Not un- 
frequently the two fragment halves, are free from the beginning of ana- 
phase. In such cases they are usually located alongside each other 
(Fig. 1 f, g, n). Together with these acentric fragments there occur in 
each cell two small chromosomes (hereafter called dim-chromosomes ) 
either free from each other or joined at their distal ends into a bridge. 
It is immediately seen that the mechanism resulting in this phenomenon 
may be described as ‘a symmetric breakage of the two chromatids of 
one chromosome with or without subsequent reunions, although we do 
not know the detailed course of origin. In some cases a striking similarity 
to the so-called pseudo-chiasma phenomenon is seen (Fig. 1s). In this 
picture the interrelations between the fragments and the dim-chromo- 
somes are clearly seen. 

As mentioned, the point of reunion of the fragments is often marked 
by a constriction, the same is true of the bridge of dim-chromosomes, 
although this is often irregularly pulled out and therefore shows the 
point of suture less clearly. Especially in earlier anaphases it is often 
seen, however (Fig. 1 a, b). The size of the fragment in relation to that 
of the dim-chromosomes varies somewhat, but in the preponderant 
number of cases the fragment contains the main part of the original 
chromosomes. Thus, the fragmentation must have occurred rather 
proximally. The fragments exhibit the normal chromosome breadth. 


. The bridge, on the other hand, is characterized by being pulled out and 


thin. In later stages of anaphase its centromeres are not on a level with 
those of the free chromosomes, but are held up on their way towards 
the poles. There is evidently a limit to the elasticity of the bridge against 
the pulling strength of the centromeres. Telophase bridges forming 
connections between resting nuclei should be expected, but they are 
rare. Whether most bridges are broken later on, is unknown. When 
the dim-chromosomes are free, they behave just as normal chromo- 
somes. Their breadth is normal and they proceed to the poles together 
with the big chromosomes. They have been seen to survive through 
more than one mitosis. 
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In one case (Fig. 1 c) a pair of very small acentric fragments were 
present in addition to the ordinary big fragment. Their origin is not 
accounted for. In some cells two bridges (Fig. 1 p) or two dim-chro- 
mosomes and one bridge (Fig. 10) were observed together with a 
corresponding number of acentric fragments. No more than two in- 
dependent processes of structural change were ever come across in 
one cell. The possibility must be considered that one chromosome pair 
is more often affected by the fragmentation than the others. If, how- 
ever, the fragmentations are distributed over the cells at random accord- 
ing to Poisson, there should — even at the highest frequencies recorded 
(20 to 25 % of all cells at the studied stage) — be more than two frag- 
mentations in one cell only twice in a thousands cells. 

It is certain, however, that the same pair is not always affected, 
since in a few cases the satellited pair has also been found to be frag- 
mented (this pair was given the number I by Ty1o and LEvaAN, 1950, 
it is here often referred to as the m pair in contradistinction to the 
other pairs, II to VI, which are called the st pairs). Thus, the proximal 
part of the longest arm of an m chromosome forms a bridge in Fig. 1 q. 
The rest of the arm formed a big micronucleus in the sister cell, as 
already mentioned above. Fig. 1 m and Fig. 2 h—k are instances of 
fragmentation of the shorter, satellited arm of m. In all these cases, 
incidentally the only ones of this kind observed, the fragmentation has 
taken place fairly proximally, leaving only a small head, which in one 
case (Fig. 2 k) forms a bridge. In all cases the fragment has undergone 
reunion, which gives it a characteristic appearance with one satellite 
at each end. 

As pointed out already, the question whether certain chromosome 
regions are especially favoured by the fragmentation is of great general 
interest. Whether the same st chromosome is most often fragmented, 
is still impossible to decide. The appearance of the short arm of the 
resulting dim-chromosomes rather indicates that it may be different st 
pairs involved in the fragmentation, viz. both such with bigger heads 
(II—IV) and such with smaller heads (V—VI). On the other hand, if 
the idiogram as a whole is considered, it is certain that a definite chro- 
mosome region is attacked in almost all cases, viz. the neighbourhood 
of the centromere. Exceptions are found, it is true, as for instance 
Fig. 2g, where the breakage point is located close to the distal end of 
the chromosome, but such cases are rare exceptions. 

In many slides, especially in such containing a high frequency of 
fragments, many pronounced constrictions of the chromosomes were 














478 ALBERT LEVAN AND THORAYA LOTFY 








present. The spontaneously occurring constrictions also seemed to be 
heavily exaggerated and often took the character of erosions. Some 
cases are represented in Fig. 2 e, f, m, and n. As seen, most erosions 
are located within the proximal half of the chromosomes, i. e. within 
the region of fragmentations. Whether these erosions have anything 
to do with the fragmentations is suggestive but, of course, still un- 
certain. 

At telophase (Fig. 1 t—z) the acentric fragments are lying outside 
the nuclei. Sometimes they begin early to show signs of pycnosis. They 
may form big sticky lumps or strands (Fig. 1 2). Occasionally the frag- 
ments seem to have the ability of despiralizing, dividing and surviving 
into the next mitosis. The two big fragments of Fig. 1 m can hardly be 
explained otherwise than through the origin at the preceding mitosis 
of an iso-fragment consisting of the short arm of one satellited chro- 
mosome. The fragment has divided during the resting stage and now 
reappears in doubled shape. The cell pictured only contained one com- 
plete satellited chromosome together with one in which the greater part 
of the satellited arm was absent. 


IV. CONCLUDING REMARKS. 


It has been stated that the structural changes described above are 
not correlated to any certain chemical treatment. Fragments occur in 
the controls and after very short treatments. The question as to the 
factor inducing these chromosome disturbances may be somewhat 
illumined but is not yet answered. Evidently a factor acting at the 
germination of the bean seeds is responsible, because older roots do not 
contain fragments. Since beans germinated in sand or in soil without 
presoaking certainly show fragments, although very rarely, it may be 
- conjectured that the soaking in water favours the fragmentation. It is 
not unnatural to suppose that the partially anaerobic conditions during 
the 24 hours in which the dormant vital processes are awakened may 
involve a change of the metabolism, with formation in abnormally 
high concentration of some metabolite, which finally leads to chro- 
mosome breakage. Experiments are planned for the testing of this 
hypothesis. 

That a change in the normal metabolism may induce chromosome 
breaks is nothing unexpected, although it is surprising that this phen- 
omenon does not seem to have been previously noticed in such a class- 
ical cytological material as Vicia faba. Several classes of chemical sub- 
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stances known either to play a réle in the normal cellular life or, at 
least, to be produced by certain vital processes have been found to 
induce chromosome breakages: phenols and amines (LEVAN and TJIO, 
1948), adenine and other purines (KIHLMAN, 1950 and elsewhere), pu- 
trescine (MARQUARDT, 1949). Of special interest in this connection are 
MARQUARDT’s results on the induction of structural changes by water 
extracts from aged seeds. 

The present types of chromosome changes differ in striking and 
interesting features from those induced by x-rays, radium and nitrogen 
mustard. They are in several ways more specialized and of a more 
homogeneous type. While the common radiation effects and chemical 
radiomimetic effects include all kinds of breakages, both chromosome 
and chromatid breaks, the present changes are all of one kind, viz. 
chromosome changes. They are always symmetrical, involving both 
chromatids of the affected chromosome. This is attained by the other 
agents under certain conditions, for instance, if the treated material is 
dormant, so that all chromosomes respond as single at the moment of 
breaking. This may be an indication that the breaks in our case, too, 
occur while the cells are still dormant, i. e. very early during the soak- 
ing. Other explanations may also be suggested, however. 

Another respect in which our effects are different from earlier 
similar effects is the important fact that the chromosome breaks are 
concentrated to the proximal region of the long arm of the st chromo- 
somes, and also, in the few cases come across, to the same regions of 
both arms of the m chromosomes. This fact suggests a parallelism to 
the already well-known morphological feature of chromosomes that 
certain regions all through the idiogram are characterized by certain 
structures, for instance, heterochromatic knobs. HEITZ’s rule of equi- 
local heterochromaty was adapted by HEITz himself to the Vicia faba 
chromosomes. The heterochromatin of this species is mainly present 
as grains of various size within the proximal half of the st chromo- 
somes, and, in addition, as bigger knobs at about the middle of the st’s. 
The m chromosomes certainly also have heterochromatic grains, though 
their detailed distribution is still unknown. It would be very tempting 
to propose a causal relationship between these morphological features 
and the localization of the fragmentation here described. We think it 
necessary, however, to develop further the knowledge of the detailed 
structure of the Vicia faba chromosomes, as well as of their responses 
to various radiations and radiomimetic effects, before the discussion of 
this point can be taken up to advantage. 
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A striking fact, finally, which distinguishes these Vicia faba frag- 
mentations from fragmentations in other materials is the great pre- 
ponderance of chromosome breakages within the st chromosomes as 
opposed to the m chromosomes. Out of 419 recorded cases only six were 
found to affect the m chromosome. It is true that both anaphases and 
telophases are included in this material, and that in the case of telo- 
phases it cannot always be said for certain that m was not involved. 
Even in the telophases, to be sure, a fragment comprising the satellited 
arm of the m chromosome would in most cases have been recognized. 
If the fragmentation was at random, this arm should have been affected 
in about */, of all cases, just as the whole m chromosome should be 
affected in */;. The frequencies found by us, although they cannot be 
calculated accurately, are of quite another size order. 

It is most interesting that Forp (1949) found in Vicia faba a 
similar favouring of the st chromosomes in breaks induced by nitrogen 
mustard. In 1082 breaks a proportion of st : m of 49,5 : 2 was recorded. 
In a comparative experiment with radium the proportion was 5,4: 2, 
thus in good agreement with random expectation. The breaks in FORD’s 
nitrogen mustard experiments were almost all located medially on the 
st chromosomes, while the radium breaks were distributed equally 
along the chromosomes. Our results and the nitrogen mustard results 
of ForD show an interesting agreement, which may have a deeper 
foundation. FORD’s points of fragmentation were, however, more distally 
located than ours. LOVELESS and REVELL (1949) confirm the results of 
ForD and discuss them further: »It has also been shown that these 
high break regions are certainly very near demonstrable regions of 
heterochromatin and probably are actually in them, and that the breaks 
seem to show a proportionality in number that corresponds to the length 
of the heterochromatic segments». Since FORD’s breaks occur mainly in 
. the middle of the st chromosomes, the heterochromatic segments men- 
tioned would mean the big heterochromatic knobs. This points to a very 
interesting differential receptivity to fragmentations in different mor- 
phologically distinguishable types of heterochromatin. The big knobs 
should be attacked by nitrogen mustard, while the effect in our case 
would fall on the bigger or smaller heterochromatic grains present 
mainly between the knobs and the centromeres. It is evident, however, 
that any close discussion of these very suggestive facts is still pre- 
mature. This line of enquiry seems, however, to be one of great promise. 

Besides the heterochromatin another characteristic feature of the 
Vicia faba chromosomes is the presence of secondary constrictions. 
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Such are normally present and are easily seen in certain chromosome 
pairs (e.g. in No. IV of Ts1o and LEVAN, 1950). As mentioned above, 
it happens that these constrictions become strongly accentuated, this 
occurring especially in roots with a high frequency of fragments. An 
instance of this type of constrictions is given in Fig. 2n. They show 
by their rough and irregular outlines a clear relation to the erosion 
phenomenon, which is a typical feature accompanying all radiation 
and radiomimetic chromosome effects. It may be that certain weak 
points at the chromosomes are attacked earlier and more easily severed 
than neighbouring parts, where the chromosomes are guarded by the 
matrical envelope of nucleic acids. 


SUMMARY. 


In experimental series with chemical treatments of root meristems 
of Vicia faba chromosome fragmentations were often encountered. 
Their occurrence could not be correlated to the treatments, but to the 
developmental stage of the seedlings. The frequency of the fragments 
was greatest soon after the start of the germination, later it decreased 
and on about the seventh day it was almost zero. Evidently the inducing 
factor is something connected with the germination. It is suggested that 
the soaking in water for 24 hours prior to the germination may favour 
the origin of fragments. 

The fragmentations showed some interesting features distinguishing 
them from ordinary radiation and radiomimetic effects: (1) They 
occurred almost exclusively within the proximal third of the affected 
chromosomes. (2) Instead of the expected proportion between affected 
subterminally attached (st) and submedially attached (m) chromo- 
somes of 5 : 2 there was a very great excess of fragmentations in the st 
chromosomes. 
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A CYTOLOGICAL AND EMBRYOLOGICAL 
STUDY OF ANTENNARIA PORSILDII 


. BY AXEL NYGREN 
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= long ago it has been known that almost only female plants 
occur in the dioeceous Antennaria alpina (L.) GAERTN. According 
to Fries (1919, p. 180), male plants of this species were not observed 
until 1842. In 1876, KERNER published his now classical study of 
A, alpina, in which he stated that female plants of alpina were able to 
set seed even in the absence of male plants in his experiments. For 
this reason KERNER pointed out that A. alpina obviously reproduces 
in an apomictic way. About twenty-five years later JUEL cytologically 
and embryologically proved apomixis to occur in A. alpina (1898, 1900), 
and in the last decades STEBBINS (1932) and BERGMAN (1935, 1937) have 
shown that also other Antennariae behave just as alpina. 

Seven years before KERNER made his experiments with alpina, 
J. VAHL had distinguished a glabrous form of this species on material 
from Greenland. This type is tabulated in Flora Danica (1869, Tab. 
2786, Fig. 4), where it is named A. alpina y glabrata J. VAHL. In 1898 it 
was elevated to the rank of species by GREENE (1898, p. 285), and some 
years later M. P. PORSILD describes it as a nova species under the same 
name as GREENE had given to it or A. glabrata (J. VAHL) (1915, pp. 273 
—274). PorsILD ends his diagnosis of the new species with the following 
words: »Generatio apogama, progenies in natura orta hereditarie con- 
stans.» In 1917 a glabrous A. alpina form was found in the province of 
Torne Lappmark in Northern Sweden by Tu. FRIES (1919, p. 189), who 
compared it with material of A. glabrata from Greenland and stated 
that the Scandinavian plant belonged to that species. In 1927, ELISABETH 
EKMAN made a critical survey of some Greenland Antennariae, in which 
study she broke the Scandinavian form out of glabrata as a new species, 
A. Porsildii EL. EKM. This species should occur in Scandinavia as well 
as in East Greenland (1927, p. 52) and should deviate from glabrata by 
the lack of runners. Mrs. EKMAN declares that the East Greenland and 
the Scandinavian forms are quite identic morphologically. She points 
out as her opinion that Porsildii is closer related to alpina than to 
glabrata. 
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Figs. 1—7. Antennaria Porsildii EL. EkmM. — 1. EMC., the mitotic first division just 

passed. — 2. Binucleate ES. — 3. Four-nucleate ES. — 4. The eight-nucleate ES. 

finished. — 5. The egg cell just before the first division, the central nucleus un- 

divided. — 6. ES. with embryo and endosperm in progress. — 7. Endosperm in 
progress, the egg cell has not yet divided. 











ANTENNARIA PORSILDII 485 


In the thirties BOCHER as well as SORENSEN studied Antennaria 
Porsildii in Greenland. SORENSEN says (1933, p. 90): »As the plant seems 
to be merely an ordinary A. alpina without tomentum, it should in my 
opinion be regarded as a glabrous form of this species.» BOCHER, on the 
other hand, has an idea that deviates from that of SORENSEN. He says: 
»The writer has seen both A. alpina and A. Porsildii side by side in the 
same plant community, without intermediate forms. Probably A. Por- 
sildii originated as a mutation within A. alpina» (1938, p. 187). 

In the summer of 1949 the present writer cultivated Antennaria 
Porsildii from the Paldsa district in Northernmost Sweden in a place 
located only a few miles from its natural locality on Mt. Moskana. Root 
tips as well as heads were fixed during the fall of the summer in 2 BD 
by La Cour (1937). A large number of countings were made in five 
plants belonging to the same clone. All determinations gave the same 
result, the species has 2n = 63, which is the very first odd number 
found in the genus Antennaria (cf. BERGMAN, 1935, p. 222). An invest- 
igation of the embryology has proved to full evidence that A. Porsildii is 
an apomictic species (Figs. 1—7). The first division in the EMC. is 
mitotic, just as has been stated by STEBBINS as early as 1932 for other 
species in the same genus (I. c., p. 326). 

At about the same time as Porsildii was studied in Sweden, BOCHER 
determined the chromosome number of A. glabrata from Greenland 
- (1950). This species has the same chromosome number as Porsildii or 
2n = 68 (I. c., p. 27). This is interesting because both species most likely 
have arisen from A. alpina, which is only known with the chromosome 
number 2n = 84, however. Porsildii as well as glabrata probably have 
originated from an alpina with 2n = 42. The variation within alpina is 
so great that it will permit the formation of glabrata as well as of 
Porsildii. In some areas in the Scandinavian mountains male plants of 
alpina are not rare — e. g. in the Paldsa district —, which makes crosses 
possible, a fact that will bring about segregation and a formation of 
new apomictic types in later generations (cf. NYGREN, 1949, 1950). Thus 
Antennaria alpina should be more thoroughly studied in nature in order 
to find forms with lower chromosome numbers than 2n = 84. 
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. is a very suitable material for mutation studies. It is di- 
ploid and autogamous and its chromosome number is fairly low 
(2n= 14). After STADLER had shown that mutations could be ex- 
perimentally induced in plants, work was started at Svaldf for utilizing 
this discovery in plant breeding. Much work has been done in this field 
at Sval6f within various agricultural crops, barley being the species most 
intensely treated. At first only X-rays were used as a mutagenic agent. 
X-ray treatment of seed gave rise to a great number of mutations in 
barley. Among the viable, morphological mutations thus originated a 
certain type was more frequent than others, viz. the so-called erectoides 
mutations (GUSTAFSSON, 1947), which are in fact mutations in inter- 
nodal length. Thus, so far some 40 different cases of mutations of the 
erectoides type are known. 

Although gene maps based on linkage experiments have been con- 
structed, no genes have, as far as we know, been cytologically localized. 
Not one of the numerous mutations induced has so far been localized 
to any certain chromosome pair. The present paper is an attempt to 
determine the cytological basis of the »gene» erectoides 7, a gene which 
in fact involves a gross structural rearrangement. 

Material and method. — Erectoides 7 is an X-ray mutant from 
»Golden barley», which is an old pure line, selected from a Gotland 
indigenous variety. Golden barley is practically 100 per cent homozygous 
and true breeding. Erectoides 7 has been described earlier by GUSTAFS- 
son (1947), from whom the material used in this study was also 
obtained. 

The present study was made on root chromosomes with the help 
of the oxiquinoline technique of Ts10 and LEVAN (1950), the idiogram 
of the erectoides 7 being compared with that of Golden barley. Seeds of 
the two types were germinated in moist sand. Whole seedlings with roots 
of about 1 cm in length or only cut root tips were treated in an aqueous 
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Fig. 1. Somatic metaphase plates of Hordeum. Orceine root-tip squashes after 4 
hours pretreatment with 0,002 mol/I 8-oxiquinoline. — a: Golden barley, b: Erectoides 7. 
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Fig. 2. a, d: Chromosomes of the plates of Fig. 1 separately drawn, a: Golden barley, 
d: Erectoides 7. — b, c: Drawings showing the location in the plates of the various 
chromosome pairs — X 2700 and X 1000, respectively. 


solution of 0,002 mol/l 8-oxiquinoline for four hours. Orceine squash 
preparations were then made. Many excellent preparations were ob- 
tained by this method; their quality can be judged from the photographs 
of Fig. 1 a and b. A complete analysis with measurements of all chro- 
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mosomes was often possible. The following results are based on such 
an analysis of 24 metaphase plates of each type. 

Results. — In the present analysis of the karyotype the same 
numbering of the chromosomes is applied as given by T3I0 and LEVAN 
(1. c.) for the barley idiogram. The four longest chromosome pairs are 
not always easy to distinguish from each other. They are numbered I— 
IV according to falling total length. The longest chromosome pair I is 
characterized by a subterminal secondary constriction in its longest 
arm. It may therefore be rather easily recognized in good metaphase 
plates. Chromosome pair IV has arms of almost equal length, one of 
them sometimes showing a clear secondary constriction in its middle. 
Chromosome pair V, the shortest pair, is readily recognized in all meta- 
phase plates. The two satellited pairs, VI and VII, are also very easy to 
distinguish from each other. Pair VI has the biggest satellite, submedian 
centromere and shorter total length than VII, which has a smaller 
satellite and a subterminal centromere. 

It was made evident by the present investigation that the difference 
between erectoides 7 and Golden barley involved morphologically vis- 
ible changes within two chromosome pairs, viz. I and V. As can be 
clearly seen from Figs. 1 and 2, the short arm of chromosome pair V 
is much shorter in erectoides 7 than in Golden barley. Further on, 
measurements showed that chromosome pair I is longer in erectoides 7 
than in Golden barley and that, in addition, the ratio between the short 
and long arm is changed. The secondary constriction in the longer arm 
of chromosome pair I, which in Golden barley is located at the terminal 
third of that arm, is located almost in the middle of it in erectoides 7. 
This arm in the erectoides mutant is just as much longer as chromo- 
some pair V’s shortest arm has become shorter. 

Discussion. — In the present investigation a barley mutant is for 
the first time cytologically characterized. This has been made possible 
through the use of the oxiquinoline technique. 

HAGBERG (unpublished) found that the F, of erectoides 7 and 
Golden barley had a somewhat lower fertility than the parent plants. 
While studying meiosis of the F, and the parents, he found the formation 
of one association of four chromosomes (amphibivalent) in F,, and one 
very small bivalent in erectoides 7. This bivalent was considerably 
smaller than any of the bivalents of Golden barley. The present study 
makes it evident that the association of four chromosomes in F, is 
formed by the chromosome pairs I and V. The small bivalent of erect- 
oides 7 is the changed pair V. 
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The X-ray treatment has caused a translocation of the interchange 
type between I and V. The point of translocation may be localized in the 
following way: In chromosome I it is located in the longest arm be- 
tween the secondary constriction and the chromosome end. In chromo- 
some V it is located somewhere within the short arm. This description, 
of course, is valid in both types, but gains in accuracy if applied in the 
type where these arms are shortest, i.e. for chromosome I in Golden 
barley and for chromosome V in erectoides 7. 

It is further known that the gene for erectoides 7 is strongly linked 
with the translocation point. No crossing-over has ever been observed 
(HAGBERG, unpublished). The present cytological analysis makes it 
possible to localize the »gene» erectoides 7 to a certain short chromo- 
some part either in pair I or in pair V. 

A more detailed account of this investigation will be published on 
another occasion. The other erectoides mutations will also be analysed 
later. Some of them are connected with translocations and might there- 
fore presumably be localized in a similar way. This may provide a basis 
for a cytogenetic mapping of the barley chromosomes supplementing 
the existing genetical maps. 

Acknowledgement. — We wish to acknowledge our thanks to Dr. 
A. LEVAN for valuable suggestions and criticism. 

Summary. — Erectoides 7 is strongly linked to a translocation 
point. By applying the oxiquinoline technique it was possible to localize 
this point to the long arm of chromosome I, between the secondary 
constriction and the chromosome end, or to the shortest arm of chro- 
mosome V. 
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5 ieee production of amongst others autotetraploid Lamium amplexi- 
caule for species crossing purposes has been reported earlier 
(BERNSTROM, 1941, 1944). Besides using the autotetraploids for this 
purpose a close study has been made of their different characters, an 
account about which will be published later. The study of the seed 
setting in L. amplexicaule has, however, disclosed such interesting 
conditions that they deserve special mention. 

As is known, L. amplexicaule is as a rule dimorphic in that both 
chasmogamic and cleistogamic flowers occur. The mode of function of 
the cleistogamic flowers and the factors favouring their development 
have been the subject of many investigations, e.g. by WawLz (1864), 
GOEBEL (1904), LINDMAN (1908), v. KIRCHNER (1911), and TROICKIT 
(1940). Broadly viewed, the different authors are agreed that the ability 
for self-fertilization of the cleistogamic flowers is very good and that 
these flowers always occur, though to a varying extent. Thus, L. amplexi- 
caule with solely chasmogamic flowers appears never to have been 
found with certainty. There may be a great variation in frequency of 
cleistogamic flowers in relation to chasmogamic ones. According to 
observations of my own and those of others (GOEBEL and LINDMAN), 
_ this seems, as regards external factors, chiefly to depend on the supply 
of light, though also on many other factors; a positive correlation may 
be assumed to exist between the supply of nutriment and the abundance 
of chasmogamic flowers. Early in spring and late in autumn only 
cleistogamic flowers occur, as a rule. CORRENS (1926) found in addition 
that different pure lines of L. amplexicaule, cultivated under the same 
conditions, have varying frequencies of chasmogamic flowers. The same 
has proved to be the case in my material. CORRENS (1930) also showed 
that these differences are mendelizing. 

Earlier, especially LINDMAN (1908) pointed out that cleistogamic 
flowers in L. amplexicaule fructify better than the chasmogamic ones. 
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Often, this has very clearly shown itself also to be the case in my 
material, most of which has not yet been published. For instance, 
line a8, one of the richest chasmogamously flowering lines among 
those studied, is characterized by much inferior seed setting on flowering 
in the middle of the summer than on flowering in the autumn, when 
the chasmogamic flowering in L. amplexicaule is always much less than 
in summer, whereas line a 10, which even in the middle of the summer 
develops very few chasmogamic flowers, has as good seed setting during 
summer as during autumn. Experiences from other lines as well con- 
firm that there is often a negative correlation between degree of chasmo- 
gamic flowering and degree of seed setting. 

As earlier indicated (BERNSTROM, 1950), self-fertilization of the 
chasmogamic flowers in L. amplexicaule is mostly effected at the ex- 
pansion of the flowers by the anthers stroking the stigma at the 
straightening movements of the filaments or at any rate approaching 
so close to it that one of the stigmatic lobes is pollinated. Hence the 
flowers are usually already pollinated before they have entirely ex- 
panded. If the stigma has not been pollinated at the opening of the 
flower, this is easily remedied by the anthers generally taking up a 
position on either side of the stigma and very near it, which is likely to 
effect self-pollination on account of external influences. The self- 
pollinating mechanism in tetraploid L. amplexicaule does not function so 
well as in diploid owing to the fact that, e.g., the lengths of the styles 
vary more and in consequence the stigmata come to occupy quite too 
dissimilar heights to the anthers, or that the latter do not take up so 
close a position to one another and to the stigma as usual. When an 
investigation (concerning which more will be reported below) of the seed 
formation of open and closed flowers in di- and tetraploid L. amplezi- 
caule was made for 11 days in July, 1946, on material cultivated in a 
greenhouse, the pollination frequency of the chasmogamic flowers was 
also studied, with the results given below in Table 1. Line a 14 corres- 
ponds to line a 8, and a 55 to a 32. Both lines were collected in Sweden, 
a8 in the neighbourhood of Gothenburg, and a 32 in that of Halsing- 
borg in the province of Scania. Within each number the flowers of five 
plants were examined, as a rule in the morning. 

As seen from the table, the percentage of unpollinated flowers is 
three to four times as great in the tetraploids as in the corresponding 
diploids. zy’ for the comparison of the distribution of, respectively, 
pollinated and non-pollinated flowers of a8 and a 14 is 43,58 (P<0,001), 
and the corresponding 7° for a32 and a55 is 16,30 (P < 0,001). These 
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TABLE 1. Frequency of self-pollination in chasmogamic flowers of di- 
and tetraploid L. amplexicaule. 







Numb. of Numb. 
ta Total numb. % unpol- 
self-pol- non-pol- . 
‘ x of flowers linated 
linated linated : 
examined flowers 
flowers flowers 




































Dinipia Wine WB .i.66<05.65650h o5% 178 19 197 9,6 
» Fe EE I PE oe 166 19 185 10,3 
Tetraploid line a 14 (fr. a8) ..... 84 56 140 40,0 
» » a55 (fr. a32) .... 90 35 125 28,0 


values accordingly show with perfect significance that the tetraploids 
have a lower ability for self-fertilization than the diploids. The bearing 
of this will be discussed later on. 

An account will here be interpolated of the method employed for 
determining the amount of the seed setting. Since each calyx always 
contains four ovules, and since mature seeds immediately fall off while 
the ovules that have failed to ripen are left, these latter can be counted in 
the calyces after maturation of the seeds and thereby an accurate 
measure obtained of the amount of seed setting, which is expressed 
below in percentages of the potential maximum. For standard determin- 
ations of the seed setting (corresponding to column 10, Table 2) use is 
made of the two lowest flower-whorls on the stalk, and if the calyces 
in these are too few those on the third whorl have also been used. At 
least 20 calyces, and mostly many more, have been studied. 

At determinations of the amount of seed setting in tetraploid 
L. amplexicaule the first and foremost find was that here, as in all newly 
produced tetraploids, a considerable general reduction in the seeding 
capacity had taken place (this will be dealt with more fully in a later 
paper). It should suffice here to mention that in the tetraploids the seed 
setting varied between 30 and 60 %, depending more especially upon 

. the line and the season. In the diploids it varied in the same way be- 
tween about 70 and 98 %. Another observation made on the tetraploids 
was that seed setting failed completely in surprisingly many calyces, 
this being particularly the case in the chasmogamously most richly 
flowering lines a 14 and a 16, which are probably genetically identical. 
The sterile calyces were usually also distributed in a rather regular 
manner, and these two circumstances suggest that it was chasmogamic 
flowers which were so apt to fail in seed formation. As a clarification 
of this matter was desirable for the estimation of the seed-setting values 

in L. amplexicaule, a more thorough study of a 14 and a 16 was under- 
taken during the autumn of 1944, another one on a14 during the 
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summer of 1945, and a third in 1946 on the tetraploid lines a 14 and 
a55 with their diploid original lines a8 and a 32, respectively. 

A certain number of plants in each line were selected for the in- 
vestigation, regard being paid only to whether the plants showed signs 
of abundant chasmogamic budding and therefore promised good flower- 
ing of this kind. On account of the time-consuming nature of this in- 
vestigation only a few plants could be studied in each generation. 
Fortunately enough, in the autumn of 1944 just individuals among the 
most chasmogamously flowering plants of a 14 and a16 were chosen. 
The calyx of every chasmogamous flower was marked with a vertical, 
black indian-ink streak that covered about one-fifth of the calycine 
circumference. Every day the plants were overhauled in search of newly 
expanded flowers, mostly in the forenoon because expansion takes place 
early in the morning. 

The experiments were varied in such manner that during 1944 no 
flowers were artificially self-pollinated (= pollinated by hand) when 
self-fertilization had failed, the plants and flowers on the contrary 
being handled as cautiously as possible to secure results that represented 
as closely as possible the normal, unaffected seed setting. Half of the 
plants underwent the same procedure in the summer of 1945. The rest 
-of the plants were examined under a magnifying glass to see whether 
the stigma was pollinated. If it was not, the stamen and stigma were 
stroked with a small brush to cause self-pollination. 

In the summer of 1946 an examination was likewise made to 
ascertain whether the stigmas were pollinated. If they were not, or were 
so only badly, the same procedure was followed as in 1945, but this 
time, before the flower was left, it was also checked with the aid of 
a magnifying glass to verify that each stigma had really been well 
pollinated. Almost always the plants had to be harvested before all buds 
had burst into blossom or all flowers had been able to seed, for other- 
wise the lowest calyces would have faded and fallen off or rottened. 
The lowest calyces are of greater interest than the uppermost, since the 
standard determination of the seed setting is carried out on the former. 

The results of the investigations are summarized in Table 2. To 
begin with it is seen (columns 2, 3 and to some extent 11) that the 
chasmogamic flowering was more abundant in the diploids than in the 
tetraploids during 1946, when they were cultivated simultaneously and 
side by side. Thus, a8 had 68 % chasmogamous flowers (and buds) as 
against 43 % in a14, while a32 had 43 % as against 30 % in a 55. 
A 7’-analysis of the distribution of cleistogamic and chasmogamic 
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TABLE 2. The seed setting of the cleistogamic and chasmogamic flowers 
in diploid and tetraploid L. amplexicaule. 
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1 2 3 4 5 6 7 8 9 10 11 
% seed setting in ‘ % entirely ster. fl. i No. of 
Plant No. No. of er- ated Saane's imma- 
and ge- No. of chasm, Cleist. Chasm.  tije fertile Cjeist. Chasm. seed tire<a- 
neration fl. fl. fl. chasm. — fl. fl. rng lyces or 
fl. — a buds 
A. Tetraploids. 
Not pollinated by hand (cf. text). 
1944—2 
a 14—c—1 65 27 53,9 21,8 44,2 13 2,6 51, 47,1 15 
al4—d—i_—_ 68 14 59,7 125 58,3 3 2,0 78,6 58,7 28 
a 14—d—6 67 31 59,0 12,9 44,4 9 46 71,0 44.3 17 
xX 65,0 240 575 156 490 83 34 67,2 50,0 200 
a 16—c—6 80 35 42,2 11,4 33,38 12 15,6 65,7 31,3 13 
a 16—c—7 79 34 56,1 14,0 31,7 15 4,4 55,9 52,1 15 
a 16—c—8 74 34 55,6 8,1 39,3 7 10,0 79,4 45,8 Ze 
x 77,7 348 5158 11,2 34,8 11,3 10,0 67,0 43,1 16,7 
\ 
1. Not pollinated by hand. 
1945—1 
a 14—b—4 59 32 60,2 9,4 42,9 7 3,7 78,1 36,0 8 
a 14—b—5 57 29 60,7. 17,2 385 13 0,0 55,2 37,5 4 
(a 14—c—3 58 45 13,5 3,3 37,5 4 53,8 91,1 5,5 6”) 
a 14—c—5 61 34 56,5 88 42,9 7 3,7 79,4 29,1 7 
xX 59,0 31,7 591 11,8 41,4 90 25 70,9 34,2 6,3 
14 c—3 not included in mean values 
2. Pollinated by hand without subsequent verification (cf. text). 
al4—a—1 53 29 635 198 41,1 14 00 51,7 37,1 4 
a 14—c—1 60 39 63,1 16,0 32,9 19 4,8 51,3 39,0 12 
a 14—c—2 66 34 64,1 19,9 39,7 17 0,0 50,0 36,0 8* 
a 14—d—1 55 30 55,0 17,5 37, 14 4,0 53,3 38,3 5 
xX 58,5 33,0 61,4 183 37,8 16,0 2,2 51,6 37,6 7,8 
Pollinated by hand with subsequent verification (cf. text). 
1946 
a 14—1 108 36 59,4 36,8 45,7 29 4,2 19,4 59,8 ike 
a 14—4 84 33 64,2 295 44,3 22 2,0 33,3 52,0 0 
a14—15 86 42 63,6 32,7 47,4 29 4,5 31,0 60,3 7 
a 14—18 87 51 63,2 3438 47,3 37 5,6 27,5 50,8 Aa? 
a 14—24 92 52 63,8 31,3 43,9 37 5,0 28,8 63,1 12 
xX 91,4 428 62,8 32,9 45,7 30,8 4,3 28,0 57,2 9,4 
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1 2 3 4 5 6 7 8 9 10 11 
% seed setting in x % entirely ster. fl. .,. No. of 
Plant No. No. of ‘er- Re. bee ree imma- 
and ge- No. of chasm. Cleist. Chasm.  tije fertile Cjeist. Chasm. seed tireca: 
; fl. fl chasm. fl. fl setting | 
neration fl. : * chasm. s ote SV CCROE 
fl. in % 
fl. buds 
a55—-1 75 13 69,0 57,7 62,5 12 3,2 7,7 71,4 8 
a55—9 91 33 66,4 55,3 65,2 28 gs 15,2 72,1 8 
a 55—12 87 40 70,7. 40,0 485 33 0,0 17,5 71,4 13° 
a55—14 106 41 59,2 47,6 55,7 35 3,1 14,6 58,1 13 
a 55—16 102 27 64,7 37,0 47,6 21 1,3 22,2 64,0 9 
x 922 308 66,0 475 559 258 1,9 15,4 67,4 10,2 
B. Diploids. 
Pollinated by hand with subsequent verification. 
1946 
a 8&—4 77 55 100.0 93,6 93,6 55 0,0 0,0 95,8 5 
a8—8 95 76 98,7 91,8 94,3 74 0,0 2,6 92,5 8 
a8g&—9 104 67 986 92,5 93,9 66 0,0 1,5 97,2 9? 
a8&—15 80 60 98,8 90,8 94,0 58 0,0 3,3 89,3 9 
a8&—17 98 72 97,1 908 90,8 72 0,0 0,0 96,3 6 
xX 90,8 66,0 986 91,8 93,2 65,0 0,0 1,5 94,2 7,4 
a 32—2 98 32 93,6 100,0 100.0 32 1,5 0,0 91,4 4 
a 32—3 121 67 87,5 95,5 97,0 66 5,6 1,5 85,9 5 
a32—5 102 39 89,7 994 99,4 39 4,8 0,0 87,2 6 
a 32—6 86 38 95,8 961 986 37 231 2,6 95,3 5 
a 32—7 101 51 955 93,6 96,5 50 0,0 2,0 93,9 1 
X 1016 45,4 924 969 983 448 28 12 90,7 4,2 


1 Calculated as the seed setting is usually determined by standard methods. 
? Four of which were chasmogamic. 
® One of which was chasmogamic. 


flowers in a 8 and a 14 as well as a 32 and a 55 gives y° = 66,8 (P<0,001) 
in the former comparison and 7° = 17,6 (P < 0,001) in the latter. Hence, 
in both the lines tested the number of chasmogamic flowers in relation 
to the number of cleistogamic is significantly lower in the tetraploids 
than in the diploids. The total number of flowers, however, is about the 
same in diploids and tetraploids of both lines. 

Further, in columns 8 and 9 of Table 2 the answer to the original 
question stands clearly out, viz. that it is the chasmogamic flowers which 
to a definitely predominant extent constitute the entirely sterile ones. 
They do this irrespective of whether artificial self-pollination had been 
performed or not. Still, the percentage of sterile chasmogamic flowers 
varies. In a14 it is greatest in the non-pollinated plants from the autumn 
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of 1944 and summer of 1945; it falls in the uncontrolled artificially 
pollinated flowers of the summer of 1945, and is lowest in the checked 
pollinated flowers of the summer of 1946. On account of the different 
seasons for the experiments the figures for untouched flowers and for 
artificially pollinated flowers cannot be directly compared, except be- 
tween the two groups from the summer of 1945. 

During this year, unfortunately, plant 14 c 3 proved to have a very 
much inferior fertility to normally, as is best to be seen from columns 
4 and 10, the reduced fertility in all probability being due to aneuploidy. 
This plant was therefore not included in the calculation of the means 
or in the analyses of variance submitted below. 

An analysis of variance of the difference in percentages per plant 
for the entirely sterile chasmogamic flowers (column 9) of, respectively, 
the artificially pollinated and the untouched plants during 1945 gives 
a quotient of the mean squares for »between pollination methods» and 
»within» them of 8,51 (0,01 << P<0,0). A corresponding calculation 
made on the figures for the seed setting shown by the chasmogamic 
flowers (column 5), in which both fertile and sterile flowers are thus 
included, gave the quotient 6,63, which most closely approximates 
P = 0,05. 

Solely from the figures for 1945, therefore, it cannot be concluded 
with assuredness whether deficiencies in the self-fertilizing mechanism 
are a definite contributive cause of the high sterility shown by the 
chasmogamic flowers. The question assumes another aspect, however, 
when the values from a 14 during 1946 are compared with those from 
1945. In both cases it is a question of summer generations, which may 
justify a cautious comparison. The percentage figures for entirely sterile 
chasmogamic flowers during 1946 are distinctly lower than the corres- 
ponding figures for the artificially pollinated plants during 1945, at the 
same time as the seed setting in the flowers in question was far better 
in 1946 than in 1945. Seed setting was also better in the fertile chasmo- 
gamic flowers during 1946. 

As the seed production of the cleistogamic flowers during 1946 was 
only very slightly better than during 1945, there seems to be reason 
to suspect that it was the previously mentioned more careful artificial 
pollination during 1946 which was the cause of this year’s better seed 
setting in the open flowers, and hence that it is the frequently failing self- 
fertilization, indicated in Table 1, which is partially responsible for the 
considerably inferior seed setting in the open flowers than in the 
closed ones. 
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As will be seen from Table 2, there nevertheless remained for 1946, 
after the deficiencies of the self-fertilization had been remedied as far 
as possible, a pronounced difference in fertility between the cleisto- 
gamic and chasmogamic flowers, especially in a 14 (compare columns 
4 with 5 and 8 with 9). Both the differences indicated are fully signific- 
ant in a 14. In this line the difference between the seed setting of the 
cleistogamic and the fertile chasmogamic flowers (column 6) is also 
highly significant, the quotient of the mean squares for »between» and 
»within» flower-types being found to be 225,5 (P < 0,001) on an analysis 
of variance based on the values in columns 4 and 6. The seed setting of 
the cleistogamic flowers, on an average 62,83 seeds of 100 possible, is 
accordingly very significantly higher also than that of solely the fertile 
chasmogamic flowers, which merely set on an average 45,7 seeds of 100 
possible. 

In a 55 the difference in fertility between the two types of flowers 
is not so sharp. From columns 8 and 9 it is seen that here, too, the great 
majority of the sterile flowers are chasmogamic, though the fertile 
chasmogamic flowers set seeds substantially better than those of a 14, 
both absolutely and compared with the cleistogamic flowers. The statist- 
ical significance of the difference between the mean values for columns 
4 and 5 is then here not so high as for a 14 — the quotient of the mean 
squares obtained from an analysis of variance analogous to the above 
is 16,6 (0,01 > P > 0,001) — and of the difference between columns 4 
and 6 the corresponding quotient is 6,13 (0,05 > P > 0,01). 

A more correct comparison in the case of a less significant difference 
like this last one would, however, have been to compare the mean value 
for fertile chasmogamic flowers with that for fertile cleistogamic 
flowers, but, as the mean percentage of entirely sterile cleistogamic 
flowers is so low as 1,9, such a comparison would probably not have 
shown any great change in the size of the tested difference. 

As it has now been found that the chasmogamic flowers of the 
tetraploids are more or less definitely inferior to the cleistogamic in 
actual seed-setting ability, it is of interest to make a corresponding 
careful comparison between these two types of flowers among the di- 
ploids. In a 8, which is the line of origin of a 14, the mean percentage 
of sterile chasmogamic flowers per plant after verified pollination 
proved to be only 1,5 and not significantly different from 0,0, the mean 
figure for the sterile cleistogamic flowers. On the other hand, the means 
for the seed setting both in the chasmogamic flowers taken as a whole 
and in the fertile chasmogamic flowers are significantly lower than the 
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mean for the seed formation in the cleistogamic flowers; the quotient 
of the mean squares for »between» and »within» found on an analysis 
of variance of the former difference (columns 4—5) is 83,6 (P < 0,001), 
and of the latter (columns 4—6) it is 38,7 (P <0,001). There were no 
sterile cleistogamic flowers. 

In a 32, on the other hand, it is interesting to note that the seed- 
setting ability of the chasmogamic flowers is quite as good as that of 
the cleistogamic, there being no significant differences between cleisto- 
gamic and chasmogamic flowers. It would not be correct to analyse 
statistically the difference between columns 4 and 6 in this case, since 
column 4 also includes sterile flowers. The mean value for fertile cleisto- 
gamic flowers in the a 32 plants studied is 95,0, and this does not differ 
significantly from 98,3, the mean value obtained for fertile chasmogamic 
flowers. 

The experiments and tests have accordingly shown that in one line, 
a 8, of diploid amplexicaule the chasmogamic flowers were significantly 
inferior to the cleistogamic in ability to set seed, while in another line, 
a 32, they were quite as good as the cleistogamic in this respect. It has 
further been shown that after a doubling of the chromosome number 
in a8 the inferior seed-setting ability of the chasmogamic flowers under- 
went another considerable deterioration, seen in comparison with the 
seed setting of the cleistogamic flowers, and that a corresponding 
significant deterioration also occurred in a 32 after chromosome doub- 
ling. Lastly, it has been shown with a fair degree of certainty that the 
seed setting of the chasmogamic flowers in tetraploid a 8 (i. e. a 14) im- 
proved after artificial self-pollination. 

Concerning the causes of the inferior seed setting in the chasmo- 
gamic flowers to that in the cleistogamic ones of a 8, nothing is positively 
known. No extrinsic signs have been observed of there being difficulties 
in establishing fertilization. Nor can any fully elucidative causes be 
indicated to explain the special, decreased seed setting of the chasmo- 
gamic flowers in the tetraploid lines. It should be mentioned that in 
both diploids and tetraploids the calyces themselves as well as the 
ovules are of practically the same size and appearance in the two types 
of flowers, and hence only from the size of the corolla can cleistogamic 
and chasmogamic flowers be externally distinguished with any certainty. 
The only other difference that may be traceable is a slightly narrower 
form of the calyces at the top .in the cleistogamic flowers. 

To determine whether any considerable changes in length of style 
distinguish the tetraploids from the diploids, the styles of a8 and a 14 
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were measured. For this purpose use was made only of fully fresh 
flowers taken without any other selection whatever. The results are 
submitted in Table 3. 


TABLE 3. Length of styles in diploid and tetraploid L. amplexicaule. 


Style length in % 


Line Type of No. of plants No. ofstyles Average length of that of the 

No. flower used measured in mm nae . 
diploids 

ag Chasmogamic 14 81 16,77 

al4 » 14 90 18,01 107,4 

ag Cleistogamic 14 Tk 5,01 

al4 » 15 75 7,67 153,1 


It is very difficult to conceive that the insignificant increase in style 
length shown by a 14’s chasmogamic flowers could in itself cause the 
considerably increased sterility in these flowers, even if the circumstance 
is taken into account that the longest styles, about 11 % of the number, 
are between 21 and 24 mm long. About 7 % of the styles of the diploid 
flowers are 19,;5—20,5 mm long. Such slight differences in maximum 
length as these cannot reasonably in themselves have any great signific- 
ance for the ability of the pollen tubes to reach the embryo-sacs, either 
in diploids or in tetraploids. The explanation is more likely to lie in the 
actual nature of the tetraploids. 

Irrespective of what the cause may be of the inferior seed’ setting 
of the chasmogamic flowers in a8, a feasible explanation of the poor 
seed setting of the chasmogamic flowers in the tetraploid lines as com- 
pared with that in the cleistogamic would seem to be that it is a con- 
sequence of the disturbance produced by the chromosome doubling in 
that hereditary balance which must pertain to and which also more or 
less sets its stamp on new autotetraploids. For instance, the fertility of 
these is always lowered as compared with that of the diploids, and it is 
a fairly general opinion founded on extensive experiences that the chief 
direct as well as indirect cause of the reduced fertility lies in the above- 
mentioned disturbance of the hereditary balance which has ruled be- 
tween the genotype of the diploid and its cell-size, and anatomy and 
physiology as a whole adapted to this (cf., e. g., MUNTZING, 1943; LEVAN, 
1945; SCHWANITZ, 1949, 1950). 

A good instance of this unbalance of the tetraploids is that given in 
Table 1 showing the lower self-pollinating capacity of the tetraploids as 
compared with the diploids. The lower degree of chasmogamic flower- 
ing demonstrated above in the tetraploids may, for its part, be taken 
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as an expression of a lower supply of nutriments than is enjoyed by the 
diploids. As was intimated in the introductory section of this paper, it 
can be assumed that the measure of the occurrence of chasmogamic 
flowers depends on the available nourishment, and for instance EKDAHL 
(1949) shows in Galeopsis pubescens that just the tetraploid develops 
less dry matter than the diploid and also has a lower photosynthetic 
rate, calculated per unit of fresh or dry weight. SCHWANITz (1949) has 
come to the conclusion that the distribution of the assimilates proceeds 
slower in the tetraploids than in the diploids, so that among other parts 
the inflorescences suffer from lack of nourishment; such a circum- 
stance must be conceived as having an inhibitory effect on the develop- 
ment of chasmogamic flowers. 

As regards the fertility, it should be stressed that just thanks to the 
fact that L. amplexicaule has two kinds of flowers it can obviously give 
an idea of the approximate extent to which biological pollinating diff- 
iculties constitute a contributive cause to the seed-setting deterioration 
in its autotetraploid lines. If no cleistogamic flowers had been present, 
these difficulties would never have had an opportunity to become so 
conspicuous as is now supposed to be the case. (By »biological pollinat- 
ing difficulties» are here meant such as concern pollination, the germin- 
ation of the pollen and the growth of the pollen tubes.) 

The results for the tetraploids in Table 2 indicate that in the cleisto- 
gamic flowers with their preponderant cleistanthery and short styles 
the descent of the pollen tubes to the embryo-sacs takes place much 
easier and more undisturbedly than in the chasmogamic flowers, which 
must offer greater difficulties to pollen germination and to the advance 
of the pollen tubes to their goal, the styles being more than double 
as long as those in the cleistogamic flowers and the pollen having to 
leave the anthers and germinate outside them. In a 55, thus, the per- 
centage of entirely sterile cleistogamic flowers (column 8) is even some- 
what lower than in a 32, which suggests that in the flowers in question 
of this line biological difficulties of pollination can hardly contribute 
to the sterility associated with tetraploidy. On the other hand, in a 14 
sterile cleistogamic flowers are commoner than in a8, which has not 
exhibited any such at all. 

Further, the stigmas in the chasmogamic flowers of the tetraploids 
are often very poorly receptive, while in the diploids they always readily 
catch the pollen; this points to deficient physiologic balance in the tetra- 
ploid flowers and it probably renders germination of the pollen more 
difficult. It must also be supposed that the diploid pollen, in at least as 
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high a degree as the tetraploid flowers, suffers from the physiological 
unbalance mentioned above, and that this can find expression in a 
lower germinating capacity and perhaps in a poorer pollen-tube growth. 

Slower rate of growth shown by diploid pollen tubes than by 
haploid ones has been established by, e.g. HERIBERT NILSSON (1920) 
and LEwIs (1943), in both cases on Oenothera species, though the differ- 
ence was insignificant in both. Unless the diploid pollen tubes in 
L. amplexicaule grow slower in relation to the haploid than they do in 
Oenothera, the difference should hardly have any signification for the 
seed setting in spite of the fact that the tetraploid styles are longer. 
My own experiments on the germination of pollen from L. purpureum 
in vitro show that under the most suitable conditions the pollen from a 
certain diploid line germinates to about 95 %, while that from the 
corresponding tetraploid line only germinates to barely 60 %. This may 
be partially due to a rather high frequency of aneuploid pollen grains 
(more than 30 % of the plants in tetraploid L. purpureum and L. am- 
plexicaule are aneuploids). If the pollen also germinates less well under 
natural conditions and at the same time the stigmas offer less favour- 
able conditions for germination and growing than in the diploids, it is 
obvious that this may cause a very tangible reduction in the seed 
formation. 

To these general difficulties there is also obviously added in a 14 — 
. to an aggravated degree on account of the increase in chromosome 
number — that factor which even in the diploid reduces the seed 
production of the chasmogamic flowers. For, while the average seed 
setting in the chasmogamic flowers of a 55 is about 72 % of that in the 
cleistogamic ones, the corresponding figure for a 14 is only about 52 %, 
according to results obtained in 1946, at the same time as the figures 
for the seed setting of the cleistogamic flowers are fairly equal for both 
numbers, just as they were during the autumn of 1945 after a purely 
cleistogamic flowering, when the mean value of the seed setting in a 14 
(19 individuals) was 52,8 + 2,25, while for a55 (14 individuals) it was 
55,7 + 1,72. In 1946, the average seed setting in the chasmogamic flowers 
of a32 was about 105 % of that in the cleistogamic ones, the corres- 
ponding figure for a 8 being about 93 %. The relation 93 %/52 % = 1,7 
for a8 and a 14 is higher than the corresponding relation for a 32 and 
a55, which is 105 %/72 % = 1,4. 

As: the chasmogamic flowers of a32 are quite as fertile as the 
cleistogamic ones, a 55 is the more suitable of the two tetraploid lines 
upon which to do a rough estimation how large a share of the seed 
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Sterility in the tetraploids is approximately assignable to what has been 
called biological pollinating difficulties. It should then be most appro- 
priate to use the seed setting of the cleistogamic flowers as a measure 
of the fertility, for these flowers are most numerously represented and 
probably also have the most reliable self-fertilization, even though the 
flowers in question in a 32 have so low a mean seed setting as 92,1. The 
difference between the mean values of the seed setting in the tetraploid 
cleistogamic and chasmogamic flowers is 18,5, which figure constitutes 
41 % of the difference between the seed setting of diploid cleistogamic 
and tetraploid chasmogamic flowers. 

If the seed setting of the diploid chasmogamic flowers had been 
taken as a measure of the fertility, the percentage figure just mentioned 
would have been somewhat lower. This is of but slight significance, for 
if it is at all ventured to submit the value »about 40 %» this must be 
done with the express understanding that it is assumed only ap- 
proximately to represent the size of that portion of the reduction in the 
seed fertility of the tetraploid chasmogamic flowers which, judging from 
the experimental results, would seem to be referable to biological 
pollinating difficulties of the above-mentioned kind, and among which 
shortcomings in self-fertilization have then been eliminated as far as 
possible (cf. above and Table 2). To obtain a more trustworthy grasp 
of these questions would necessarily demand embryological invest- 
igations, which have not so far admitted of being conducted. 


SUMMARY. 


The seed setting has been studied in the cleistogamic and chasmo- 
gamic flowers of two lines of the dimorphic species Lamium amplezi- 
caule and in their autotetraploid forms. Both these types of flowers are 
- self-fertilizing. In one of the lines the seed setting of the chasmogamic 
flowers after verified self-pollination is, from unknown causes, signific- 
antly inferior to that of the cleistogamic flowers, while in the other line 
the chasmogamic flowers have as good a seed setting as the cleisto- 
gamic. In the tetraploids, whose number of chasmogamic flowers 
relative to cleistogamic is lower than in the diploids, the self-pollinating 
power of the chasmogamic flowers is significantly lower than in the 
diploids. 

After artificial, verified self-pollination the seed-setting ability of 
the chasmogamic flowers is in both lines significantly inferior to that of 
the cleistogamic. No direct causes of this difference have been found, 
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but it is assumed to depend upon so-called biological pollinating diff- 
iculties of different kinds in the chasmogamic flowers, conceived as 
arising in the tetraploids as a result of the chromosome doubling causing 
disturbances in that hereditary balance which exists in the diploids 
between the genotype and the anatomical and physiological characters 
in harmony with it. 

These difficulties probably make themselves felt more in the chas- 
mogamic flowers than in the cleistogamic because the cleistanthery and 
short styles of the latter render pollen germination and pollen-tube growth 
easier. On account of the occurrence of two kinds of flowers, the cleisto- 
gamic of which is probably free from biological pollinating difficulties 
to a very high degree, an attempt could be made to estimate the size of 
that portion of the whole reduction in fertility caused by the tetraploidy 
of the chasmogamic flowers which is presumably assignable to biolog- 
ical pollinating difficulties, this being estimated at about 40 %. 
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ARNE MUNTZING: Accessory chromosomes in rye populations 
from Turkey and Afghanistan. 


The accessory chromosomes in rye studied by the present writer (cf. 
MUNTZING, 1949) are derived from two Swedish rye varieties, »Ostgéta Gra- 
rag» and »Vasa II». Many data have been obtained concerning the cytological 
behaviour and genetical effects of these peculiar chromosomes and their 
derivatives, but their origin remains completely obscure. Under such circum- 
stances it seemed desirable to investigate more primitive strains of rye for 
comparison with the commercial varieties. Thanks to Professor Dr. SARA 
AKDIK of Istanbul University several samples of rye from Asia Minor were 
obtained and more precisely from various regions of Anatolia. This region 
belongs to the area supposed to be the centre of origin of cultivated rye (cf. 
SCHIEMANN, 1932, pp. 174—184). 


TABLE 1. Frequencies of B-chromosomes in ten rye populations from Turkey 
and Afghanistan. 


Percentage of 


Material Number of B-chromosomes Number of plants with 
. ; ’ 7 _—_ B-chromosomes 

Turkey, T.I .... 260 2 8 270 3,70 
» es 6 30 1 1 286 13,29 

» T.II .. 180 — 6 186 3,23 

» TeyLV: -.2i0 EBS 1 5 192 3,13 

» T.V ... 181 — 1 182 0,55 
Afghanistan, K.36. 49 49 0,00 
» K.50. 116 im 18 135 14,07 

» KiB. 7 71 0,00 

» K.135 49 49 0,00 

> K.167 119 119 0,00 


So far five different strains from Anatolia have been cytologically 
examined, and in all of them plants with accessory chromosomes were met 
with (Table 1). This is especially true of strain T. II, in which not less than 
13,29 + 2,01 per cent of the plants were found to carry from 1 to 4 B-chromo- 
somes. In the other strains the frequency of these chromosomes was sign- 
ificantly lower, ranging from 0,55 to 3,70 per cent. The standard error of the 
latter mean is 1,15, and, thus, the difference 13,29— 3,70 will be 9,59 + 2,32 
(D/m = 4,13). The differences between T.II and the other three strains 
(T. III, T.1V and T.V) are evidently also significant. 

It is very interesting that T. II, with a B-chromosome frequency of 13,29, 
is a strain occurring as a weed in wheat fields, whereas T. III and T. IV with 
the frequencies 3,23 and 3,13 are strains of cultivated rye. T. I with a frequency 
of 3,70 is derived from wild-growing plants, but since 1944 it is in culture, 
being used as forage for cattle. Concerning T.V no precise data are yet 


available. 
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These data indicate that the highest frequencies of B-chromosomes are 
met with in the most primitive weed-rye strains, but more information is 
needed before this conclusion can really be drawn. Thanks to Professor 
J. A. JORGENSEN of Copenhagen I have also received samples of rye from 
Afghanistan, collected there by a Danish expedition. Five of these strains were 
studied cytologically, and in four of them (K. 36, K. 78, K.135 and K. 167) 
all plants examined had only the 14 normal A-chromosomes, In the fifth strain 
(K. 50), on the contrary, not less than 14,07 per cent of the plants were found 
to contain B-chromosomes. Thus, undoubtedly there is a significant hetero- 
geneity in Afghanistan also as regards the frequency of accessory chromo- 
somes in various rye populations. No data on the character of the material 
examined, whether wild or cultivated, are yet available. 















TABLE 2. Result of intercrosses of plants having 2 B-chromosomes. 






























Material Number va B-chromosomes Number of Kain a 
° . . , . . ame B-chromosomes 

L0G, CPAs hep near 1—-_ — 3 4 — 
T. II, Progeny 150 2 — 1 2 6 11 2,91 

» » 151 1 1 1 2 5 —_ 

» » 152 1 5 — 8 14 3,07 

» » 153 3 = 14 21 3,52 

» » 154 3 1 3 7 oe 

» » 155 1 7 7 36 2 53 3,58 

» » 156 3 1 12 16 3,56 
T. II, total 2 3 23 16 =681 2 127 3,39 


In the strains from Turkey as well as Afghanistan the B-chromosomes 
are of the same morphological type as the so-called standard fragment studied 
in Swedish populations. Preliminary observations at pachytene show that the 
most characteristic features observed in the Swedish strains (MUNTZING and 
LIMA-DE-FarRIA, 1949) are also present in the material from Turkey, but there 
also seem to be some small but significant differences. 

In the T.II strain, plants having two B-chromosomes of the standard 

. type were intercrossed, and from such intercrossed plants seven progenies 
were raised and cytologically examined. A glance at the data given in Table 2 
shows that in Turkey, too, the standard fragments are capable of the same 
violent increase in number as has been found to be characteristic especially 
of the standard fragments in Vasa II. In every progeny the same story is 

repeated, and of the total series of 127 plants no fewer than 81 had four 
standard fragments instead of the two present in the parent plants. The average 
value of the whole series is 3,39 standard fragments instead of. 2,00, which would 
have been the maximum value if no reduplication had occurred. Though this 
has not been directly observed there is every reason to assume that non- 
disjunction on the male as well as the female side is the mechanism at work 
in this material also. The data also show that in the plants of T.II the 
meiotic pairing between the two standard fragments must be rather regular. 
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In the T.I strain only four plants were obtained from an intercross of 
the type 14-+2s.f.X 14+ 2s.f., but as three of these plants had four 
standard fragments the same mechanism of numerical increase is evidently at 
work in T.I as well and most probably also in the other strains now found 
to carry B-chromosomes. 

The main results of the present observations are that accessory chro- 
mosomes of the standard type occur in the very primitive rye-strains growing 
more or less wild in the probable centre of origin of the cultivated rye. In 
some of these strains the frequency of plants with accessory chromosomes is 
remarkably high. 


Institute of Genetics, Lund, Sweden. 
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ROBERT LAMM: Self-incompatibility in Lycopersicon peru- 
vianum MILL. 


Unlike the cultivated Lycopersicon esculentum, which is predominantly 
self-fertilizing, the wild Lycopersicon species which constitute the subgenus 
Eriopersicon (see MULLER, 1940) are allogamous. In the flowers of these 
‘ species the stigma projects 1—2 mm _ beyond the anther tube, and self- 
pollination therefore rarely occurs. In some cross-breeding species of the 
related genera Nicotiana, Petunia and Solanum ihe incompatibility system has 
been found to be controlled by S alleles (cf. LEwis, 1949, Table 3). In order 
to see if multiple alleles of this kind are perhaps also determining the mating 
type in wild tomatoes I have made some investigations on a sample of L. peru- 
vianum MILL, (United State Dept. of Agr., Plant Introduction 128657) kindly 
sent to me by Dr. J. W. LESLEY, Univ. of California. 

The seed sample was sown on Jan. 7, 1947, at the State Hort. Research 
Station, Alnarp, Akarp, near Malmé, Sweden. Six of the seedlings, 47/1—47/6, 
chosen at randon were planted in a greenhouse at the beginning of March. 
Selfings and all possible cross pollinations between these plants were performed 
from the middle of April to the beginning of May. No berries were obtained 
from the selfings and this was also the case with the two crosses 47/2 X 47/5 
and 47/3 X 47/6 as well as their reciprocals. All the other combinations were 
successful and gave berries with plenty of seed. Most likely the mating system 
in L. peruvianum is controlled by S genes, the six plants belonging to four 
different incompatibility groups. 

In 1948 only a few plants were raised from the two families 48/1 (from 
47/1 X 47/6) and from 48/2 (from 47/2 X 47/4). In 1949 a single family 49/1 
consisting of twelve plants (49/1-1—49/1-12) was grown in the greenhouse. 
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This family was derived from one plant of 48/1 and one of 48/2. One of these 
plants, 49/1-3, was completely male sterile, the other plants having highly 
fertile anthers. In order to test the mating system the plant 49/1-9 was used 
as female partner in crosses with its sibs. It was also selfed and used as male 
parent in crosses with the male sterile sister plant 49/1-3. Of each combination 
about ten flowers were pollinated. In the successful crosses two of the largest 
fruits were selected for the determination of the seed content. The result of 
this investigation is given below. 












































Female Male Nos. of seeds in two 
parent parent berries Notes 
49/1-9 49/1-1 146 157 
» => » «2 65 117 
» 3 » 9 21 - 49/1-3 male sterile 
» 9 » -4 114 115 
> => » -d 4 — One small fruit 
> as » -6 115 102 
>» => » -7 a oo No berries 
>) => » 8 145 183 
>» => » 9 —_ — No berries, selfing 
> 9 » -10 158 166 
» => » -ll at 68 
>» => » -12 113 138 


Of the twelve combinations three are completely or, as in 49/1-9 X 49/1-5, 
nearly incompatible which theoretically would be expected from a cross of the 
type S,S, X S,S,. This result supports the suggestion that S alleles control 
the mating system in L. peruvianum. 

Some of the young seedlings raised in 1947 were treated with colchicine 
and two autotetraploid plants, 47/8 and 47/9, were obtained. The former plant 
was self-incompatible, the latter gave a few seeds on selfing. An F, progeny 
48/4 was obtained from the cross 47/8 47/9. In order to secure autotetraploid 
seed some crosses have been made within this progeny. In the successful 
crosses between the autotetraploid L. peruvianum plants there are often con- 
siderable differences in the seed production of reciprocal combinations. 

Attempts of staining the pollen tubes in the style by cotton blue (see 
DARLINGTON and LA Cour, 1947) have so far only indicated that the in- 
compatible pollen tubes grow slowly and have abnormally swollen ends. 

According to LUCKWILL (1943), all the members of the subgenus Erio- 
persicon are short-day plants. Also MACARTHUR and CHIASSON (1947) suggest 
that the green-fruited tropical species are requiring short days for successful 
reproduction. At Alnarp, Sweden (latitude 56°) the crosses were performed 
while the average day length was about 14—15 hours and yet the seed sett- 
ing has been good. This may perhaps be due to a photoperiodic after-effect 
since in January, when the young plants were raised, the average day length 
was only about 7 hours. Grown in the open at Alnarp the typical short-day 
species L. hirsutum is usually flowering in the middle of July and gives berries 
containing plenty of seed. Here perhaps the comparatively low summer 
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lemperature prevailing in Sweden is responsible for the less pronounced short- 
day reaction. 

At Alnarp certain insects have been busy cross-pollinating the flowers of 
L. peruvianum and L. hirsutum when grown out of doors. Above all certain 
Syrphidae should be mentioned. Besides bees and humble-bees have been 
occasional visitors. 

The State Horticultural Research Station, Alnarp, Akarp, Sweden. 
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GuNNAR OSTERGREN: Isopycnosis and isopycnotic, two new 
terms for use in chromosome studies. 


I. Heteropycnosis. 


Heteropycnosis is a term in current use in chromosome studies. It does 
not seem to have occurred to anyone, however, that it might be useful to have 
a term for the opposite effect to that called heteropycnosis. Since such a term 
might actually have a function to fulfil, I suggest that the term isopycnosis be 
introduced. 

The literal significance of »heteropycnosis» is »differential thickening» 
(cf. WHITE, 1945, p. 26). This term ought consequently to describe the phen- 
omenon that certain chromosomes or chromosome regions at some stage or 
other are thicker or thinner than the majority of the chromosomes or chro- 
mosome regions in the cell in question. But differences in thickness will al- 
ready in themselves look like differences in the intensity of staining, thinner 
regions will naturally appear lighter and thicker ones will appear darker. 
Besides such apparent differences in stain intensity (which may be a mere 
consequence of the differences in thickness) there are in other cases differences 
which most probably involve a real divergence in stain intensity. It is easy 
to see that it will often be impossible to differentiate such cases from one 
another in practice, and moreover there is probably an intimate causal 
connection between the two phenomena different stainability and differential 
contraction which gives the result that both effects often manifest themselves 
simultaneously. It is consequently useful to treat these two effects together, 
and it would seem that the term heteropycnosis is at present applied equally 
for both these effects, i.e. simply to describe a differential appearance of 
chromosome regions. Chromosome regions which show heteropycnosis (at 
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some stage or other) have been called heterochromatin by HEITzZ (1928, 1932). 
In his papers he states differences in staining ability as the basis for re- 
cognizing the heterochromatin, and he also makes direct reference to the ex- 
pression »heteropycnosis». Heteropycnosis is thus the phenomenon of differ- 
ential appearance of a chromosome region and heterochromatin is the name 
of the chromosome region which is capable of showing this phenomenon. 

There are two kinds of heteropycnosis, viz. positive heteropycnosis, in 
which the chromosome region in question manifests a stronger staining 
(and/or is thicker) than the other regions, and negative heteropycnosis, in 
which it is more weakly stained (and/or is thinner). The terms positive and 
negative heteropycnosis are due to WHITE (1935). 

The same chromosome region as at one stage is positively heteropycnotic 
may at another stage be negatively heteropycnotic relative to the other chro- 
mosome regions, e. g. the B chromosomes in Anthoxanthum aristatum (OSTER- 
GREN, 1947). For this reason it is appropriate to allow the regions showing 
negative heteropycnosis also to be included under the name heterochromatin, 
even though HEITz in his original definition only speaks of regions showing 
a stronger staining ability. A suitable definition may at present be that of 
WHITE (1945, p. 28): »It will be convenient to use the term heterochromatin 
to describe any chromosome region which becomes heteropycnotic at some 
stage in its cycle. Chromosomal regions which never under any circumstances 
show heteropycnosis may be called euchromatic.» Certainly, heterochromatin 
and heteropycnosis are purely morphological concepts, and we can be safe in 
concluding that they are heterogeneous from a physiological (or genetical) 
standpoint. 

Secondary constrictions as well as the kinetochore constriction are un- 
doubtedly negatively heteropycnotic regions. A strict application of the de- 
finition by WHITE would lead to a classification of these regions as hetero- 
chromatin. Some hesitation may be felt towards a widening of the hetero- 
chromatin concept to such an extent, and an attempt may be made to exclude 
these cases by changing the definition somewhat. The question whether or 
not that would be suitable need not be discussed here, however. 


II. Isopycnosis. 


; That a chromosome region is isopycnotic should then mean simply that 

it does not differ from the majority of the chromosome regions of the cell in 
its appearance. From insects there are cases known in which the sex chro- 
mosomes are heteropycnotic in one sex only. They may then be described 
as being isopycnotic in the other sex. The B chromosomes in Anthoxanthum 
aristatum are positively heteropycnotic during the resting stage and negatively 
heteropycnotic during metaphase (especially after cold treatment). At the 
transition between these two states they probably pass through a stage when 
they are isopycnotic. It is of common occurrence in plants that regions which 
are positively heteropycnotic during the resting stage have quite the same 
appearance as the other chromosome regions during metaphase. Or, in other 
words, the heterochromatin is often isopycnotic at metaphase. The kinetochore 
region is negatively heteropycnotic during metaphase of mitosis, but I have 
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seen in many materials that it is isopycnotic at the first division of meiosis. 
This difference in structure of the kinetochore region is probably of great 
importance in explaining the different behaviour of the chromosomes on the 
spindle that is found between mitosis and the first division of meiosis. 


III. Restriction of use. 


There is no doubt from the current usage of the word that heteropycnosis 
is intended to describe differences due to internal chromosome changes, such 
as a different spiralization or a different charging of the chromosomes with 
stainable materials. During the first metaphase of meiosis, many chromosome 
regions appear thinner because they are mechanically attenuated by external 
forces acting on the chromosomes. It need scarcely be mentioned that effects 
of this kind should not be classified as heteropycnosis. 
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C. L. KIELLANDER: Polyploidy in Picea Abies. 


Improvement of Swedish forest trees by means of polyploidy breeding 
was first commenced on aspen (NILSSON-EHLE, 1938) with the use of triploid, 
so-called giant, aspens. Natural triploids have also been found in birch (JOHNS- 
SON, 1944). Experiments with colchicine were made to produce polyploidy in 
aspen, birch and oak (JOHNSSON and EKLUNDH, 1940). C, trees flowered for 
the first time in 1948, and a one-year old progeny from a cross between Cy 
and diploid Alnus glutinosa (L.) GAERTN. has recently been described (JOHNS- 
SON, 1950) as being triploid and characterized by powerful growth and large 
leaves. 

In 1941 and 1942 germinating seeds of common or Norway spruce, Picea 
Abies (L.) KARST., were treated with colchicine. The treatment was carried out 
according to the method used by MIROV and STOCKWELL (1939) in experiments 
with Pinus ponderosa LAWS., the procedure, however, being performed at a 
later stage, when the rootlets had a length of 1—2 cm. As a result of this 
treatment there arose in varying frequency more or less slowly growing plants 
with strikingly short and thick needles. The frequency of such aberrants was 
greatest after a treatment lasting two to four days with such strong concen- 
trations as 1,25—1,50 % (KIELLANDER, 1946). In 1945 colchicine treatment was 
applied not only to Picea Abies but also to Pinus silvestris L., Pinus contorta 
var. latifolia ENGELM. (long known as P. Murrayana GREv. et BALF.), and 
Larix sibirica LEDEB. In these species, too, the treated plants have grown on 
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an average more slowly than the untreated ones, but the other deviations are 
not so striking as in the spruce. 

The oldest spruce material has been studied with regard to the chromo- 
some number in its roots and the length of its stomata. In the thick-needled 
shoots the stomatal length was about 32 units on the ocular micrometer as 
against about 25 normally. The tetraploid chromosome number 2n = 48 was 
often encountered. Mixoploidy was common. Tetraploid roots were no guar- 
antee for short-needled and presumably tetraploid shoots, or vice versa. In 
plants having two types of needles on separate shoots the normal-needled 
always grow quicker than the thick-needled ones, irrespective of whether the 
shoots are terminal or lateral. Since the thick-needled shoots must be assumed 
to have the higher chromosome number, the normal-needled ones must be cut 
off in time; otherwise the thick-needled shoots will be suppressed by the 
normal-nedled ones and die off entirely in at most a few years. Thus, sectorial 
chimeeras seem to occur in the C-treated material. Investigations concerning 
the eventual occurrence of periclinal chimeras will now be performed. 

In a material of 570.000 two-year old seedlings there happened to be dis- 
covered in 1945 an aberrant with the same distinctly deviating habit as that 
of the aberrants produced by colchicine treatment. With the suspicion in mind 
that it might be a natural polyploid a careful watch for such aberrants has 
subsequently been kept at the South-Swedish Forest Tree Breeding Institute, / 
Ekebo, at the bundling always undertaken there of two-year old seedlings. The 
following spring 93 morphologic aberrants could be sorted out among 1.200 000 
seedlings. Forty-nine of them were diploids with 2n = 24, one was triploid 
with 2n = 36, 22 were tetraploids with 2n = 48, and three were mixoploids, 
while the chromosome number of the remaining 18 could not be determined. 
The first aberrant discovered was also aneuploid with 2n = + 28 (KIELLANDER 
in SYLVEN, 1947). The plant having a triploid root as well as some of the 
others have both kinds of the above-mentioned shoots and are probably mixo- 
ploid. A number of the thick-needled plants seem, however, to have a purely 
diploid root system, while no normal-needled plants have hitherto had tetra- 
ploid roots. All tetraploid plants have thick needles with the exception of one 
individual with extremely thin needles. 

This material originates from a rather large quantity of seed gathered 
from about 500 trees. It might be thought that the tetraploid plants were the 
- progeny of one of these trees, but later on other aberrants were found as a 
rare occurrence among the offspring of many different parent trees (KIEL- 
LANDER, 1949). Here, too, the frequency lies close to the first-found value of 
0,08 °/o0. 

These natural polyploids do not differ morphologically from the C, 
plants of the same age in which tetraploidy had been at least partially induced. 
They are characterized by exactly the same slowness in growth, The plant 
height and the length of the terminal shoots have been measured on the 3rd 
July, 1950, with the following means as a result: 


Chromosome Length in mm Number of 
number Total Terminal shoot plants 
LAS eo os 719,2 146,8 28 


_ DRS S SE a 201,8 34,8 20, 19 resp. 
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Two of the tetraploids had died since the chromosome number was 
determined and one had no terminal shoot. It should be observed that the 
measurements for two reasons most probably have given somewhat too high 
values for the tetraploids. Firstly, the roots of the large diploids have been 
more damaged at transplanting than in the small tetraploids. Secondly, the 
diploids, in contrast to the tetraploids, had not yet at this stage finished their 
annual growth, irrrespective of the possible development of secondary annual 
shoots. The actual state is that the diploid plants are more than three times 
as high as the tetraploids. The total height of the triploid plant is 229 mm and 
of its terminal shoot 18 mm. It lies clearly within the variation of the 
tetraploids. 


This slow growth means that fully grown tetraploid spruces must occur 
very rarely in nature. In forest-plant nurseries they are discarded at not later 
than the four-year old stage. In cultures and dense natural reproductions they 
are doomed. In thin natural reproductions they can no doubt keep alive for a 
time, though it is primarily in gaps where competition from more vigorously 
growing spruces is absent that they can develop without disturbance, unless 
the growth of herbs and grasses is too strong. At »Forsthuset» (Forest House) 
in Helsinki there is preserved a spruce, about one metre tall, in which the 
needles have the typical tetraploid appearance. It was found in 1941 and, as a 
matter of fact, was growing in »a small opening in a rather old stand of 
spruces». It is labelled Picea excelsa f. brevifolium. 


How have these natural tetraploids arisen? In connection with the find of 
an asyndetic spruce ANDERSSON (1947) discussed the possibility of autotetra- 
ploid conifers known up to then having arisen either via a first formed triploid 
plant or through the fertilization of an unreduced egg nucleus by an unreduced 
* male nucleus. The latter possibility should be highly improbable. Without 
discussing the question in detail here, I would point out a third alternative 
that seems more likely, viz. doubling of the chromosome number after fertili- 
zation. It is not excluded that tetraploid spruces have originated in more than 
one way. 


From the present investigation the conclusion is drawn that deviations 
from the normal chromosome number in spruce often result in another mor- 
phologic type. In horticultural nurseries, in contrast to forest-plant nurseries, 
special care has for long been taken of slowly growing spruces which strongly 
resemble the thick-needled tetraploids. Presumably some of the many named 
forms of spruce are nothing else but polyploids and aneuploids. 


The object of the experiments was to produce high-chromosomal and 
faster-growing spruces. As yet it is not known whether the induced aberrants 
can form diploid gametes, but it is by no means impossible that they can do so 
(cf. JOHNSSON, 1950). Still, the natural polyploids make it likely that — far 
from being quicker-growing — tetraploid as well as triploid races of spruce 
are remarkably slow-growing. In spite of the fact that after six or seven years 
a few of the induced aberrants have commenced to show a quicker growth not 
even these can by any means match the diploids in this respect. In Picea 
Abies the optimum chromosome number would seem to be 2n = 24. When this 
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number is exceeded, a considerable lowering of the vitality ensues. This ex- 
plains why polyploidy in spruce has hitherto escaped observation. 


Forest Tree Breeding Institute, Ekebo, Kallstorp, Sweden. 
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Nits NyBoM: Do x-rays resuscitate heat-killed seeds? 


Recently, SUSKIND (1950) reported unsuccessful attempts to repeat the 
findings of CALDECOTT and SMITH (1948) that »seeds exposed to lethal heat 
treatment could be resuscitated by subsequent exposure to x-radiation». 

More than a year ago, in connection with certain other treatments and 
irradiations of barley seeds, I made a few combined heat treatments and 
x-radiations with the aim of repeating the results of CALDECOTT and SMITH 
and particularly of investigating whether these were correlated to a destruction 
and restoration, respectively, of certain enzymatic reactions, usually significant 
for the germinative capacity of seeds. The methods used were the benzedine 
and guaiacol reactions for peroxydase activity proposed by BRUCHER (1948). 

Parenthetically, it may be mentioned here that both the heat-treated (90° 
C., 30 min.) and the x-rayed (20000r) seeds showed full and positive per- 
oxydase reaction in these experiments, so that along this line I could find no 
basis for the interpretation of any beneficial effect of x-rays after heat treat- 
ment. 

Only one series of treated seeds came to be put to germination on a 
Jacobsen’s germination apparatus. Though this single series (4 X 50 seeds) 
does not, of course, prove anything definitely, it may be taken as a contribution 
to the discussion on the possibility of resuscitating heat-killed seeds with 


X-rays. 

















ABSTRACTS 





The seeds were treated for 30 minutes in an electric thermostat, adjusted 
to 90° C., in open paper boxes, the seeds to be irradiated and the unirradiated 
ones being so treated simultaneously and under identical conditions. Similarly, 
the heated and non-heated seeds were x-rayed at the same time, immediately 
after heat treatment (20 000 r, 170 kV, 6 mA, 1 mm Al). About two weeks there- 
after the seeds were put on the moist filter paper in the germinating apparatus. 
Ten days later the number of germinated and non-germinated seeds was deter- 
mined and the shoots of the former were measured. The results appear from 
Table 1. 


TABLE 1. Effects of heat and x-rays on germination and growth in barley. 


Number of seeds Length of 
Treatment - - ‘ : 
Germinated Non-germinated seedlings 
Heat alone 27 4,85 + 0,46 cm. 
Heat + x-rays 10 2,70 £ 1,17 
X-rays alone 4 6,09 = 1,58 
Untreated 0 10,96 + 0,82 


There is no need for a statistical analysis to show that the x-radiation 
has had a certain and beneficial effect after the heat treatment, viz. that of 
raising the percentage of germinating seeds from 46 % to 80 %. 

This single series, I wish to emphasize, is of course not conclusive in any 
way, but it definitely shows that, under certain circumstances, it may be pos- 
sible to obtain a resuscitation with x-rays after lethalization with heat. There 
are, however, many variables to be controlled in order to reproduce this effect; 
the way in which the heat treatment is applied, the length of time between 
. heat treatment, irradiation and germination, the way in which the last-men- 
tioned is brought about, amount of moisture — to mention some of them. It 
is hoped that further investigations will reveal the necessary conditions to bring 
about the resuscitation. 

As another parenthesis it may be mentioned here that attempts to restore 
with x-rays the germinating power of seeds killed through normal aging have 
hitherto failed. 

Mutation Laboratory, Svaléf, August, 1950. 
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